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Appendix F, Section 1 – Accidents, Introduction

APPENDIX F – ACCIDENTS

F.1 INTRODUCTION

This appendix documents the accident evaluations
performed for the Sandia National Laboratories/
New Mexico (SNL/NM) Site-Wide Environmental
Impact Statement (SWEIS) for operational, external, and
natural phenomena accidents that have the potential for
causing injury or fatality to workers or the public. It
discusses potential accidents and impacts caused by the
release of radioactive or hazardous chemical materials,
explosions, earthquakes, and airplane crashes into
SNL/NM facilities. It also discusses accident scenarios,
source terms, and the origin or derivation of data used in
the evaluations.

F.1.1 National Environmental P olicy
Act  Requirements for Accident
Impact Analysis

The U.S. Department of Energy’s (DOE’s) guidelines
for the preparation of National Environmental Policy Act
(NEPA) documents and the analysis of accident
impacts have been defined (DOE 1993b) and were
followed during the preparation of the SNL/NM
SWEIS. The guidelines allow for a graded approach
that analyzes accidents at a level of detail that is
consistent with potential accident impacts. Indicators
of potential accident impacts include the amounts of
hazardous materials, existence of highly energetic
forces, number of persons in the vicinity, and
effectiveness of features that would mitigate an
accident’s occurrence, progression, and consequences to
people and the environment.

The DOE requires that potential hazards be considered
if they can lead to accidents that are reasonably
foreseeable; that is, there is a mechanism for their
occurrence and their probability of occurrence is
generally greater than one chance in a million per year.
Accidents that are less frequent may also be considered
if they could result in high consequences and provide
information important to decision-making.

The DOE’s guidelines do not require that all potential
accidents be evaluated, but do require evaluation of a
sample of reasonably foreseeable accidents to
demonstrate the range of potential impacts. The range
should include both low-frequency–high-consequence
and high-frequency–low-consequence events. An
example of the former event would be an airplane crash
into a facility containing radioactive materials, and an

example of the latter event would be a laboratory spill
of a small amount of a hazardous chemical.

F.1.2 Identification and Selection of
Potential Accidents

The existence of hazardous conditions and potential
accidents was determined through an investigative
process that derived relevant information from facility
experts, facility tours and safety documentation.

• Facility experts—Meetings, discussions and written
communications with personnel familiar with facility
operations, hazardous conditions, safety
documentation, and mitigating features provided a
basis for determination of potential accidents and
direction of further inquiry.

• Facility tours—Facilities and operations identified for
having hazardous conditions and the potential for
accidents affecting people and the environment were
toured to gain an understanding of the mechanisms
that could cause an accident, mitigating features that
would limit accident consequences, and factors
needed for the development of accident scenarios.

• Safety documentation—The DOE requires those
facilities containing hazardous materials with the
potential for accidents that could impact workers
and the public conduct safety studies and maintain
documentation that ensures operations are
conducted in a safe manner. Applicable documents
such as safety analysis reports (SARs), safety
assessments (SAs), hazard assessments (HAs),
monitoring reports, and NEPA documents were
reviewed.

The information and data obtained during these
activities were used extensively for assessing hazards at
SNL/NM facilities, identifying potential accidents,
developing accident scenarios, and estimating accident
impacts.

F.1.3 Screening Facilities

An initial screening of all facilities performed by
SNL/NM provided a list of facilities to be addressed in
the SWEIS (see Section 2.3 of this SWEIS and
SNL/NM 1998a). The accident team screened this list of
facilities further to eliminate those that, relative to other
facilities, had low or no potential for accidents involving
hazardous materials and impacting people and the
environment. Additionally, based on discussions with
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facility experts, facility tours, and reviews of safety
documents, some facilities eliminated in the initial
screening were added to the accident team’s list because
of their hazardous material inventory and potential for
accident impacts involving radioactive materials,
chemicals, and explosives.

F.1.4 Accident Evaluation

Facilities subject to accident evaluation were placed into
one of four groups as follows:

• Group 1—Facilities in this group were determined to
have the highest potential accident impacts and
required modeling and analysis to provide a uniform
basis for the evaluation of alternatives. These
facilities are generally addressed in Sections F.2, F.3,
F.5, and F.7. In addition, the potential for an airplane
crash into a facility containing hazardous materials
was also analyzed and is described in Section F.4.

• Group 2—Facilities in this group were determined to
have a high potential for accident impacts but were
not modeled or analyzed, as was done for facilities in
Group 1, because these facilities were similar to the
facilities analyzed in Group 1 with respect to
amounts and types of hazardous inventory and
accident impacts and were, therefore, adequately
represented by the Group 1 facilities. Accelerator
facilities in Technical Area (TA)-IV, activities
involving explosives in TAs-I and -II, and facilities
containing hazardous chemicals in TAs-I, -II, and
-III are examples of facilities in this group. Section
F.6 provides additional information on the hazards
and potential accidents associated with Group 2
facilities.

• Group 3—Facilities in this group were determined to
have a lower potential for accident impacts compared
to Group 1, have been previously evaluated for
accident impacts, and have suitable documentation
describing their accident impacts. These facilities and
their potential accident impacts are generally
addressed in Section F.6.

• Group 4—Facilities in this group were determined to
have a lower potential for accident impacts compared
to Group 3, based on discussions with facility
experts, facility tours, and/or available
documentation. Safety documentation was not
required for these facilities as in the case of facilities
in the first three groups.

As indicated, accident impacts were analyzed for the
facilities in Group 1. The analyses used computer codes

such as the MELCOR Accident Consequence Code System,
Version 2 (MACCS) (see Section F.2) for modeling the
airborne dispersion of radiological materials and the
Areal Location of Hazardous Atmospheres (ALOHA) code
(see Section F.3) for the airborne dispersion of hazardous
chemicals. Other formulas and techniques were used for
estimating airplane crash probabilities (see Section F.4)
and effects of explosions (see Section F.5). All analyses
for Group 1 facilities were performed in a manner that
produced mean (also referred to as average) consequences
in a conservative manner. For this SWEIS, average values
of input parameters were used when known. If the value
of an input parameter was uncertain, a value that
produced the most conservative effect was used. This
combination of values yields a “realistic conservative”
analysis. The analyses performed by SNL/NM for
Groups 2 and 3 facilities varied according to facility
preferences and requirements and reflect either average or
worst-case values. The analyses for the Groups 2 and 3
facilities used various methods that are described in their
supporting documentation.

F.1.5 Measures of Accident Impacts

The impacts to humans that could result from potential
radiological accident scenarios were evaluated in terms
of dose units (such as rem or person-rem), and excess
latent cancer fatalities (LCFs). The dose-to-LCF
conversion factors used were 5.0x10-4 LCFs per rem
(or person-rem) and 4.0x10-4 LCFs per rem,
respectively, for the public and workers. For chemical
releases, the impacts were evaluated in terms of
chemical concentrations in relation to environmental
response planning guidelines (ERPG) levels for
specified workers and the public (AIHA 1997). For
explosions, the impacts were evaluated in terms of
expected damage and injury as a function of distance
from the explosion. Airplane crash probabilities for
various facilities were estimated and used as events
leading to the potential release of chemical and
radioactive materials.

Dose units and LCFs are an indication of an
accident’s consequences without regard to the
probability that the accident will occur. The risk
associated with an accident is normally calculated by
taking the mathematical product of an accident’s
consequences and its probability of occurrence.
Accident probabilities (sometimes referred to as
frequencies) are identified in the SWEIS wherever
they are known and applicable. In many cases, the
accident probability is expressed as a range to indicate
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a level of uncertainty in the actual value. Risks are
generally not shown but may be calculated as stated
above.

F.1.6 Human Receptors

The impacts of accidents were measured in terms of the
effects for the following six types of human receptors:

• members of the public located at 14 onsite locations
such as schools, playgrounds, golf course, and family
residences;

• a hypothetical member of the public circumferentially
located at the 16 compass points of the Kirtland Air
Force Base (KAFB) site boundary;

• a maximally exposed individual (MEI), which is the
receptor with the highest mean exposure among the
first two types of receptors;

• a noninvolved worker at 100 m or at a fence line or
boundary, whichever is closer to the point of an
accidental release;

• the offsite population, out to a distance of 50 mi, and

• involved workers (generally in the immediate vicinity
of the accident).

Although there are many other locations on the site and
off the site, these last four receptors and receptor locations
will bound the impacts to any other receptor or receptor
location.

F.1.7 Nonhuman
Environmental Impacts

Any accidental release of radioactive or chemical materials
could impact the nonhuman elements of the environment
such as surface water and groundwater, historical and
archeological sites, and animals and their habitat. Brush
fires and oil spills are examples of accidents that could
have these effects. The SWEIS identifies the potential for
these occurrences but does not analyze their impacts. The
DOE has requirements and procedures in place for
responding to an incident that could impact the
environment. In such an event, an assessment of the
contamination and damage would be made and mitigating
actions would be taken to minimize the impacts and to
clean up the affected areas.

F.1.8 Uncer tainties and their Eff ects

The estimates of impacts and probabilities can be affected
by unavoidable uncertainties in the analyses. These
uncertainties can be attributed to modeling techniques,

amounts of hazardous materials, estimates of health
effects of exposures to hazardous materials, accident
scenario definitions, meteorology data, population
estimates, and similar causes.

Several actions have been taken to minimize the effects of
uncertainties on decision-making. The methodology
used for accident analysis has received peer review and
approval. The MACCS and ALOHA computer codes
used for modeling the dispersion of radioactive and
chemical releases respectively are accepted by DOE and
are also routinely used for this purpose by other agencies
and the industry.

Completed analyses receive peer and technical review to
ensure accuracy and conformance with requirements. In
the event of uncertainty and/or variability in input data
and information, conservative assumptions, such as using
the largest inventory, have been made which have the
effect of overestimating the impacts of accidents.
Similarly, in many instances, no credit is taken for
mitigating actions, such as evacuation, which also has the
effect of overestimating accident impacts.

The method of analysis provides an incremental
assessment of impacts among the alternatives. Since the
SWEIS does not estimate the total impacts or risks of
accidents, this approach to uncertainty provides adequate
information for the relative comparison of alternatives.
Thus, to the extent that any analysis results contains the
effects of uncertainties, the effects are uniformly
applicable to each alternative thereby providing an
accurate basis for comparison and decision-making.

F.1.9 Data Sources

Information and data on the safety of SNL/NM facilities
are contained in referenced documents such as SARs,
SAs, HAs, process hazard surveys (PHSs), NEPA
documents, and facility safety and information
document (FSID). These documents differ in the level
and method of analysis, reflecting the differences in
hazards among the facilities. In addition, a chemical
database known as CheMaster was used to provide
chemical inventories for four facilities. Table F.1–1
presents a list of facilities for which existing
documentation was reviewed and evaluated for potential
use in the SWEIS.
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(continued)
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(continued)
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(continued)
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(continued)
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(continued)
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Table F.1–1.  Listing of Facilities, Documentation Reviewed, and Type of Evaluations Performed
(concluded)

Source: Original
MeV: million electron volt
a Existing safety documentation was reviewed f or these facilities but no accident evaluations were perfor med since the accident impacts to the environment or to humans were less than those from the selected facilities.
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Appendix F, Section 2 – Accidents, Radiological Accidents

F.2 RADIOLOGICAL
ACCIDENTS

F.2.1 Introduction

Section F.2 describes the radiological accident analysis
for the SNL/NM SWEIS. It begins with a discussion of
the general methodology and accident scenario-
independent data used for the radiological accident
analysis (Sections F.2.2 through F.2.4). This is followed
by separate subsections for TA-I and TA-II (Section
F.2.5), TA-IV (Section F.2.6), TA-V (Section F.2.7), and
the Manzano Waste Storage Facilities (Section F.2.8).
Each subsection discusses the selection of accident
scenarios, specific analysis assumptions, and results.

Accident scenario identifiers, or codes, were established
for each radiological accident scenario that was analyzed
for the SWEIS. These codes were used primarily in the
tables of input data and also serve as a positive means of
identifying the scenarios. The codes were generally based
on letters from the facility names and mode of operation
(for example, AM scenarios are accidents at the ACRR,
operating in the medical isotopes production
configuration). The codes are discussed in detail in
Sections F.2.5.1, F.2.6.1, F.2.7.1, and F.2.8.1.

F.2.2 Consequence Analysis
Methodology

This section summarizes the methodology that was used
to analyze postulated radiological accident scenarios for
SNL/NM facilities and activities. This methodology
describes the general process that was followed for source
term derivation and consequence (radiation dose)
analysis, including models and computer codes that were
used. The uncertainties associated with the selection of
the values for the various parameters that affect the
source term and the consequence analyses are also
discussed.

F.2.2.1 Source Term Determination

The source terms and consequences identified in the
SNL/NM safety documents were used for the initial
review of SNL/NM facilities and accident scenarios and
selection of accident scenarios. Sections F.2.5, F.2.6,
F.2.7, and F.2.8 discuss the accident selection process and
describe the selected accident scenarios for specific areas.
These accident scenarios were modeled for the SWEIS
and consequences were determined.

Accident source terms were obtained from various
facility references that have different bases and

assumptions. In order to present and compare accident
impacts for facilities and alternatives on a uniform basis,
the reference source terms were revised, or normalized, so
that the amounts of radioactive material released used the
same bases and assumptions. The differences in
assumptions in reference documents were evident in the
inconsistencies among facilities with respect to the
models and assumptions used to determine the material
at risk (MAR), damage ratio (DR), airborne release
fraction (ARF) x respirable fraction (RF), and leak path
factor (LPF). With respect to the LPF, assumptions (such
as in-facility transport and filtration) were inconsistent
from facility to facility because of facility-specific
considerations.

For each accident selected, a source term was calculated
using the 5-factor formula in DOE-HDBK-3010-94
(DOE 1994b). That is, the source term (also referred to
as the building source term) was calculated based on the
following equation:

(Eq. F.2–1)

Where:

• MAR = the material at risk,

• DR = the damage ratio which is fraction of
the MAR that is impacted by the
postulated accident scenario,

• ARF = the airborne release fraction as
specified by DOE-BK-3010-94,

• RF = the respirable fraction of airborne
material (<10 micrometers aerodynamic
equivalent diameter), and

• LPF = the leak path factor (or fraction of
airborne respirable radioactive material
that leaves the facility or building).

The source terms calculated for the SWEIS analysis were
based on the following general assumptions:

• The MAR was based on the SNL/NM safety
documentation and interviews with operating
personnel to clarify uncertainties in the data. For all
radiological accident scenarios, the MAR represents
the maximum inventory of material that is at risk
from the given accident scenario. As such, it
represents the upper bounds of the MAR for each
facility/process affected by the postulated accident

����������	�
����������������������
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scenario. It is important to note that, under most
circumstances, the accident scenarios selected from
the SNL/NM safety documentation represent not
only the bounding scenarios for the facility, but also
a set of bounding assumptions with respect to the
release.

• The DR was based on estimates presented in the
SNL/NM safety documentation (for example,
number of fuel elements affected by the accident
scenario). The SWEIS assumed that all the DRs were
1.0, thus representing an extremely conservative
assumption with respect to the impact of the energy
of the postulated release on the MAR.

• The ARF and RF were obtained for various
postulated accident scenarios directly from
DOE-HDBK-3010-94. The ARFxRF represented
the bounding values in the handbook.

• The LPF was assumed to be 1.0 for all accident
scenarios at all facilities other than the ACRR. For
ACRR accident scenarios, the LPF was assumed to
be 1.0 for scenarios with a release originating outside
the reactor pool. An LPF of 1.0 assumes that all
airborne respirable radioactive material leaves the
facility or building without any filtration, plate-out,
or deposition during in-facility transport.

• For ACRR accident scenarios with a release of
radioactive material originating in the reactor pool,
an additional factor was used to determine the
amount of radioactive material released from the
pool to the reactor building. This factor, the
decontamination factor (DF) accounts for the
radioactive material absorbed in the pool water and
not released into the building. For these scenarios, no
further reduction was assumed between the pool
surface and the building release point. The LPF for
these scenarios is given by the equation 1.0/DF. For
mechanical failure events (for example, fuel cladding
ruptures), a DF of 1.0 was used for noble gases, 100
for halogens, and 1,400 for particulates. This
translates to a release from the building of 100 per
cent of the noble gases, 1 per cent of the halogens,
and 0.071 per cent of the particulates that are
released from the source (for example, the ACRR
fuel). These same DF values were used in the ACRR
SAR for the limiting event accident. They were
developed in the report titled, Annular Core Research
Reactor (ACRR) Postulated Limiting Event Initial and
Building Source Terms, SAND91-057 (SNL 1992b).
For accident scenarios that cause a very energetic
release, such as a large reactivity insertion, more
conservative, upper bound DF values were used for

the SWEIS analysis. A DF of 1.0 was used for all
fission products and actinides. Although the
referenced report (SNL 1992b) supports the 1.0/
100/1,400 DFs for even a very energetic release,
lower DFs were chosen to bound the release. This
assumption also introduces a distinction in pool
absorption capability between low energy and very
high energy events.

These factors are discussed further in Section F.2.3.5 and
for specific TA-V scenarios in Section F.2.7.

Because the values for each of the five factor parameters
in Equation F.2–1 represent bounding values for each of
these variables, the values of the source term for each of
the postulated accident scenarios represent, by default,
bounding source terms.

F.2.2.2  Consequence Analysis

This section identifies the assumptions, uncertainties,
models, and computer codes that were used to determine
the consequences from postulated accident scenarios.

All radiological consequences were determined using the
MACCS2 computer code (SNL 1998c). MACCS2 is a
DOE/Nuclear Regulatory Commission (NRC)-
sponsored computer code that has been widely used in
support of probabilistic risk assessments for the nuclear
power plant industry. It also has been widely used in
many consequence analyses for preparing safety
documentation (such as SARs, SAs, EAs, and EISs) for
facilities throughout the DOE complex.

The MACCS2 code uses three separate phases with input
files (ATMOS, EARLY, and CHRONC) to perform
transport and dose calculations for selected ranges or
locations from a postulated release location. Other input
files are also needed to support the model runs,
including a meteorological data file, a site data file
containing the population distribution around the
postulated release location, and a dose conversion file.

The CHRONC input module was not used for the
SNL/NM SWEIS because this module is designed to
deal with long-term exposure pathways, such as
ingestion. The ingestion pathway has no impact on the
overall dose to the postulated onsite receptors because no
foodstuffs are grown within KAFB. For receptors at or
beyond the KAFB site boundary, the ingestion pathway
has only a small impact on the overall dose (based on
normal operational impacts).

For all cases, the postulated exposed individuals or
populations were assumed to be exposed to the entire
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plume of released radioactive materials. That is, an
individual would remain at one of these locations for the
entire duration of the accident without taking any
protective action.

Buoyant plume releases were modeled only for fire
scenarios in which building confinement was assumed to
be lost as part of the accident scenario (for example, an
airplane crash). A heat release of 1 MW was assumed for
these fires to create a buoyant release. The heat release of
1 MW represents a moderately small fire (DiNenno et.
al. 1993). This size of fire at a facility is considered to be
a good representation for most facility fires and
represents conservative release conditions with respect to
expected consequences to the maximally exposed
individual (MEI). Larger heat loads will lead to lower
exposures to the MEI. All other releases were assumed to
be nonbuoyant releases. Actual release heights were used
for the various buildings as long as the postulated
accident scenario did not affect the building integrity.
Releases from the SPR were conservatively assumed to be
at ground level rather than at the stack height because the
stack height is relatively low.

All MACCS2 runs used weather bin sampling from one
year’s worth of meteorological data (1996)
(SNL/NM 1998j). Precipitation data were included in
the meteorological input files, but were conservatively
zeroed out for the analyses; however dry deposition was
assumed. This tended to overestimate the calculated
short-term population doses.

In determining the consequence for the SWEIS, a
stratified weather category bin sampling from one year’s
worth of meteorological data was used in running the
MACCS2 computer code. Well over 100 samples of
meteorological data were selected and used to model
dispersion and transport of the postulated release
downwind. Each of the meteorological samples included
data on the wind speed, direction, and stability class.

MACCS2 sorts the meteorological data into 36
meteorological bins, representing combinations of
stability categories, wind speeds, and rain intensity
ranges. MACCS2 samples randomly from each of these
weather bins, thus ensuring a good representation of the
entire weather data. The MACCS2 User’s Manual
provides further detailed information on the sampling
techniques available with the code (SNL 1998c).
MACCS2 provides results for each sample of
meteorological data modeled and an annual probability
of occurrence, thereby providing a rank-ordered
distribution of consequences. The mean value of the

consequence distribution calculated by MACCS2 was
used in this SWEIS.

The MAR inventories were input as part of ATMOS.
The accident source term was determined by using the
release fraction options for the various chemical groups
in ATMOS. These release fractions were designed to
match the calculated product of the DR, ARF, RF, and
LPF from the source term equation for each of the
postulated release scenarios. The uncertainty associated
with the consequence analysis is directly related to the
uncertainties of both the source term calculations
(assumed to be at least one order of magnitude
conservative) and the dispersion/transport modeling
(assumed to be no less than the mean value). As such, the
uncertainty of the consequences is at least no lower than
the uncertainty of the source terms, that is, at least one
order of magnitude more conservative.

To convert the MACCS2 dose results into LCFs, the
SWEIS used the ICRP factor of 5.0x10-4  additional
latent cancers per person-rem for the members of the
general public. For the noninvolved workers, the ICRP
factor of 4.0x10-4 additional latent cancers was used,
unless the reported dose was greater than 20 rem when
the factor doubles.

F.2.3 Consequence Analysis Input

F.2.3.1 Source Term Data

Source term data (such as the quantity and form of the
radioactive release) are discussed in general in the
methodology section, above, and specifically for each
accident scenario in the scenario descriptions later in this
section.

To simplify the calculations where possible, some
consequence calculations were performed for a unit
release. In these cases, where source term isotopic
distributions were the same but total quantities released
were different, a MACCS2 analysis was based on a unit
activity release (such as 1Ci of plutonium-239). The unit
results were then scaled up to the total release to
determine the consequences for the actual releases as long
as the product of ARFxRFxLPF does not change. It was
possible to use one MACCS2 run for multiple accident
scenarios using this method. This scaling technique is
not valid for releases that are much greater than 1 Ci.
The technique was not used for such accident scenarios;
scenario-specific calculations were performed for
accident scenarios that involved releases greater than
approximately 1 Ci.
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It was assumed that all tritium released would be in the
form of tritium oxide (tritiated water).

F.2.3.2 Meteorological Data

Actual site-specific meteorological data were obtained to
support the consequence calculations. Meteorological data
(such as wind speed, wind direction, and stability class),
consisting of hourly sequential data and hourly
precipitation rates, were obtained from SNL/NM
(SNL/NM 1998j, 1999a). The data were for the years
1994 through 1996. The data were from two
meteorological towers, A21 and A36. A21 is located in
TA-II and A36 is located in TA-V. Based on discussions
with SNL/NM personnel, these two towers were selected
for accident modeling as being most representative of the
atmospheric dispersion.

For MACCS2 accident analyses, only the 1996 data were
used. This year was considered to be the base year for the
SWEIS. It is expected that the mean consequences would
not vary much if data from other years were used.

F.2.3.3 Population Distributions

Four offsite population distributions, based on estimated
1995 population data, were provided by SNL/NM
(Bleakly 1998a, 1998c). Two distributions were centered
on TA-I and TA-V. The third distribution was centered
on the Manzano Waste Storage Facilities. The fourth
centered on the Aerial Cable Facility. The distributions
were originally generated with the methodology used for
the population distribution data for National Emissions
Standards for Hazardous Air Pollutants (NESHAP)
reports (Hylko 1998a, 1998b). These distributions were
modified by SNL/NM to provide a finer grid for the
radial spacing for input into MACCS2. The finer grid is
necessary to evaluate the impacts to the population
located within 5 mi of the release point. Tables F.2–1 and
F.2–2 shows the population distributions for TAs-I
and -V, respectively, while Table F.2–3 shows the
population distribution for the Manzano Waste Storage
Facilities. Table F.6–24 shows the population
distributions for the Aerial Cable Facility.

Population data were divided into 17 annular rings and
16 sectors corresponding to the 16 compass directions
commonly used by MACCS2. MACCS2 applies the dose
at the mid-distance of the annular ring to all distances
within that ring. Therefore, in order to provide
information on dosage provided to a “noninvolved
worker” close to the radionuclide source facility, the first
annular ring, specified from 0.0 to 0.8 km, was

subdivided into two annular rings, ranging from 0.0 to
0.2 km and from 0.2 to 0.8 km. This theoretical
“noninvolved worker” was defined as a SNL/NM worker
not involved with the facility where the accident occurs
and located 100 m from the facility evaluated.

F.2.3.4 Location of Individual Receptors

For this SWEIS, two different types of individual
receptors representing the general public were analyzed.
The first, core receptors, represent locations where
members of the public could be located within or close
to the KAFB boundary. The second, boundary receptors,
represent 16 locations on the KAFB boundary. Each type
of receptor is discussed below.

Locations of Core Receptors

Members of the general public could be present during a
potential accident at locations within or close to the
KAFB boundary. These locations include the riding
stables, child-care centers, base housing, and the
National Atomic Museum, among others. It was
conservatively assumed that an individual would remain
outdoors at one of these locations for the entire duration
of the accident without taking any protective action. The
distance and direction to each receptor location was
provided by SNL/NM (Bleakly 1998b, c). Fourteen
different core receptor locations were selected to
represent the many locations possible. Table F.2–4
provides each core receptor’s distance, by direction, from
each release point. Table F.6–25 provides the distance by
direction from the Aerial Cable Facility by core receptor.
It should be noted that some receptor locations, due to
their size or position, may occur within more than one
sector and, therefore, may appear in the tables of
consequence more than once.

The following 14 core receptor locations were identified:

• Base Housing

• Child Development Center-East

• Child Development Center-West

• Coronado Club

• Golf Course

• Kirtland Elementary School

• Kirtland Underground Munitions and Maintenance
Storage Complex (KUMMSC)

• Lovelace Hospital

• National Atomic Museum
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Table F.2–1.  Population Distribution Surrounding Technical Area-I

Source: Bleakly 1998a
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Table F.2–2.  Population Distribution Surrounding Technical Area-V

Source: Bleakly 1998a
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Table F.2–3.  Population Distribution Surrounding
Manzano Waste Storage Facilities
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Table F.2–4.  Distance and Direction to Core Receptor Locations from Release Points
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Table F.2–4.  Distance and Direction to Core Receptor Locations from Release Points (concluded)
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Notes: 1) If more than one direction is indicated, the core receptor location occurs within multiple sectors. The r ange in distance is also provided.

2) Distances are rounded to the nearest 100 meters.
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• Riding Stables

• Shandiin Day Care Center

• Sandia Base Elementary School

• Veterans Affairs Medical Center

• Wherry Elementary School

Location of Boundary Receptors

In addition to the selected core receptor locations, for each
release point, KAFB was divided into 16 directions
(sectors). The boundary receptors represent the maximum
dose that any member of the public outside the KAFB
could receive in that direction. The distances from the
various release points was provided by SNL/NM for each
of the 16 directions (Bleakly 1998b, c). The distance was
based on the minimum distance from the release point to
the KAFB boundary within that direction. Because TA-V
is small compared to the distance to the KAFB boundary,
the distances for all release points within TA-V were based
from the center of the area. Table F.2–5 presents the
distances to the KAFB boundary, by direction, for the
release points. Table F.6–26 presents similar information
for the Aerial Cable Facility.

Location of the
Maximally Exposed Individual

As described in section F.2.2.2, MACCS2 makes multiple
runs for each accident, using representative sampling of
the meteorolgical data throughout the year’s input data
file. The means of the concentratons at each chosen
location are provided by MACCS2 and are used in this
SWEIS for the core receptors and boundary locations.
The highest mean exposure of those receptors and
locations is selected as the single MEI for the accident.
The MEI dose applies to a hypothetical individual who
remains outdoors at that location for the duration of the
accident and takes no protective action.

F.2.3.5 Other Consequence Analysis Input

Release plumes were modeled using the “straight-line”
plume dispersion model for all MACCS2 runs. In
accidents involving fires that affect the releases, plume
buoyancy was implemented by specification of a 1-MW
sensible heat source added to the plume.

For cases where a pool was functional and in a position
to mitigate releases, the following pool DFs were used, as
described in the Annular Core Research Reactor (ACRR)
Postulated Limiting Event Initial and Building Source
Terms, SAND91-0571 (SNL 1992b):

• DF = 1 for noble gases,

• DF = 100 for halogens, and

• DF = 1,400 for all other radionuclide release
groups.

For cases where a pool was unavailable or unable to
mitigate releases, pool DFs were specified as 1.

For accidents described by melted fuel or ruptured or
mechanically damaged cladding, ARFxRF fractions were
specified for each MACCS2 radionuclide release group
from the Airborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facilities,
DOE-HDBK-3010-94, page 4-49 (DOE 1994b), as
shown in Table F.2–6. (DOE-HDBK-3010-94 indicates

Table F.2–5.  Minimum Distance
and Direction to the KAFB
Boundary by Release Point

Source: Bleakly 1998b, c
Note: Distances are rounded to the nearest 100 meters.
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that these data are “release fractions.” In the sources that
are referenced, these data are described as fractions released
in the respirable range, which correlates to ARFxRF.)

Two sets of data are provided in DOE-HDBK-3010-94.
In addition to the ARFxRF fractions for melting fuel
(shown in Table F.2–6), gap activity ARFxRF fractions are
given. The gap activity represents the fission products that
have accumulated in the gap between the fuel matrix and
the fuel element cladding. The gap fractions are much less
than the melting fuel fractions, indicating that most of the
fission products remain in the fuel matrix during
operations. The fraction of the fission products released
during an accident involving the reactor core would
depend on the damage mechanism. The melting fuel data
are appropriate for severe accidents that might involve fuel
melt. The gap activity data are appropriate for accidents
that might puncture the cladding without damaging the
fuel matrix. Not all the accidents postulated in this
Appendix, however, are represented by one of these two
categories. Some of the postulated accidents involve
mechanical damage caused by very violent, energetic
events. One example is the collapse of the bridge crane,
which is postulated to fall on top of the reactor
superstructure. This event could cause violent buckling of
tubes and rods that extend down into the reactor core,
which in turn could cause severe damage to adjacent fuel
elements. The ARFxRF release from this scenario would
be somewhere between the gap activity data and the
melting fuel data. The analysis in this Appendix used the
data for melting fuel, which bounds the releases. It is
acknowledged that this assumption results in calculated

consequences that are higher than expected for the
mechanical damage scenarios.

Each of the postulated accident scenarios explicitly
identify the material form for the MAR (such as powder,
solid, etc.), and the energy stress that creates the postulated
release condition (such as fire, explosion, spill). Using this
information, bounding values of ARFxRF were obtained
from DOE-HDBK-3010-94.

For accidents described as plutonium-239 (metal) fire
scenarios, ARFxRF fractions were specified from
DOE-HDBK-3010-94, page 4-2 (self-sustained
oxidation–molten oxidized metal), as ARF=5x10-4 and
RF=0.5. For accidents described as uranium-235 (metal)
fire scenarios, ARFxRF fractions were specified based on
information in DOE-HDBK-3010-94, page 4-3
(complete oxidation of metal mass), as ARF=1x10-3  and
RF=1.0. It is recognized that complete oxidation of the
metal mass would not be likely during the postulated
accident scenarios involving a fire. The oxidation process
during an accident is a complex event that depends
(among other parameters) on the configuration of the
metal and surrounding components; the spatial
relationship of the metal to the fire; and the size,
location, intensity, and duration of the fire. These
parameters are very difficult to predict for an initiating
event such as an airplane crash. Calculating an actual
oxidation percentage is beyond the scope of this analysis.
The assumption of complete or 100 percent oxidation
bounds the calculated consequences for these scenarios;
the reported consequences are higher than what would
be expected.

ARFxRF and pool DF values were implemented in
MACCS2 by adjusting the radionuclide release group
fraction input values. Three general accident types were
handled this way.

• For accidents where molten or damaged fuel released
fission products through a pool, thus preventing
some of the fission products from being released to
the atmosphere, the ARFxRF and pool DF factors
were multiplied together to arrive at a release group
fraction equivalent to be specified in the MACCS2
input file.

• For accidents where molten or damaged fuel released
fission products external to a pool,
DOE-HDBK-3010-94 release fractions were used
directly as the MACCS2 group release fractions.

• For fire accident scenarios, the group release fractions
were adjusted to reflect the ARFxRF values for either
plutonium-239 or uranium-235, as applicable.
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Table F.2–6.  Airborne Release
Fraction/Respirable

Fraction by Radionuclide Group

Source: DOE 1994b
ARFxRF: mathematical product of airborne release fraction and respirab le fraction
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Specific modeling characteristics and parameters for each
accident scenario are provided below in the individual
TA sections.

F.2.4 Frequency of
Occurrence Estimates

Existing safety documents for SNL/NM facilities do not
include estimates of frequencies for all scenarios. In
many instances, frequencies are discussed qualitatively;
quantitative estimates are not developed. For some types
of accidents, the bases for frequency estimates varied
from facility to facility or used data that were not
current. It was necessary, therefore, to evaluate existing
estimates of accident scenario frequencies to ensure that
the frequency estimates are consistent and reasonable.

Quantitative estimates were generally used in this SWEIS
when provided in an existing safety document. Often a
qualitative frequency category, or bin, was selected based
on the description of the scenario in the safety
document. Frequency categories recommended in the
Preparation Guide for U.S. DOE Nonreactor Nuclear
Facility Safety Analysis Reports, DOE-STD-3009
(DOE 1994c) are shown in Table F.2–7.

When new accident scenarios were postulated for this
SWEIS, engineering judgement was used to estimate the
frequency category of such accident scenarios. The
frequency estimates were based on a assessment of the
likelihood of the initiating event and the number and
potential effectiveness (availability) of the preventive and
mitigative controls that are required to fail in order for
the scenario to occur. Quantitative evaluations (such as
event or fault tree analysis) were not performed.

It was recognized that airplane crash scenarios were an
important consideration due to the proximity of the
SNL/NM site relative to KAFB and the Albuquerque
International Sunport. An analysis of airplane crash
frequencies for the SNL/NM facilities of interest was
performed for the SWEIS and is provided in Section F.5.
This analysis used recent data and the methodology of
DOE-STD-3014 (DOE 1996f). For practical purposes,
the SPR Facility was used to represent all
TA-V facilities for the calculation of airplane crash
frequencies. Similarly, representative facilities were used
for the other TAs. In one case, more than one facility was
used to represent a TA (TA-I). In all cases, the frequency
of occurrence of an airplane crash into an SNL/NM
facility was determined to be in the frequency category of
extremely unlikely (that is, between 1x10-4 and 1x10-6 per
year). For all airplane crash scenarios, the damage ratio
was assumed to be 1.0.

The airplane crash probability was calculated assuming a
crash into one building. For multiple facilities to be
damaged from an airplane crash, a very specific flight
pattern and aircraft would have to be evaluated. This
would result in a very small probability of occurrence.

The frequency categories shown in Table F.2–7 differ
from the categories shown in Section F.6. The reason for
the difference is that the input data used to produce the
matrices in Section F.6 are taken from source documents
prepared by SNL/NM, which used different category
definitions.

F.2.5 Technical Areas-I and -II

F.2.5.1 Selection of Representative
Accident Scenarios

Safety documentation and other information for TA-I
and TA-II facilities were reviewed to identify facilities
that contain radioactive material. The Neutron
Generator Facility (NGF) in TA-I and the Explosive
Components Facility (ECF) in TA-II are the only
facilities with amounts of radioactive material that
present a potential risk to the public, environment, or
workers outside the facility.

For both facilities, tritium is the radioactive material that
is present in quantities sufficient to warrant analysis. The
radiological accident analysis for TAs-I and -II considers
accident scenarios at the NGF and the ECF involving
tritium.

The SNL/NM SWEIS source documents
(SNL/NM 1998a) contain descriptions of the operations
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Table F.2–7.  Frequency
Categories by Frequency

Source: DOE 1994c
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conducted at these facilities, potential accidents, and the
amounts of tritium present for each alternative. The
accident scenario that is postulated for analysis for each
facility is a catastrophic, unspecified event that causes all
the tritium present in the facility to be released in the
form of tritiated water. This assumption bounds the
consequences and simplifies the analysis.

One accident scenario (NG-1) was selected for the NGF,
representing a total release of the tritium inventory
present in the facility. The SNL/NM SWEIS source
documents provide the MAR for the scenario in the form
of facility tritium inventories of 836 Ci for each
alternative (SNL/NM 1998a).

Likewise, only one accident scenario (ECF-1) is
necessary for the ECF. The source documents indicate
that the expected tritium inventory present at the ECF is
49 Ci. The tritium inventory is based on the amount
involved in the shelf-life test, which is constant under
each alternative.

The frequencies for all the accident scenarios established
for TAs-I and -II facilities were estimated to be less than
1x10-3  per year. This estimate is based on the necessity of
a catastrophic event, such as an airplane crash or
earthquake, to cause release of the entire inventory of the
facility. In both the NGF and the ECF, the tritium
locations are dispersed throughout each facility and are
contained in many devices, and they are not vulnerable
to total release from operational events.

F.2.5.2 Consequence Analysis M odeling
Characteristics and Parameters

Table F.2–8 provides the key modeling assumptions and
input parameters for the MACCS2 consequence analysis
of TAs-I and -II accidents.

F.2.5.3 Results

The impacts of accidents are described in three tables for
the MEI and noninvolved worker, the 50-mile
population, and the set of core receptors.

Table F.2–9 provides the consequence estimates for the
MEI and the maximally exposed noninvolved worker. A
distance of 100 m from the release point was used to
estimate the dose to noninvolved workers. Table F.2–10
provides consequence and risk estimates for the
population present within the surrounding 50-mi radius.

Table F.2–11 provides consequence estimates for all core
receptors. Because some core receptor locations cover a
large area (for example, golf course), they could be
located in more than one direction shown in the table.
The results show that the consequences of radiological
accidents in TAs-I and -II are very low.

Table F.2–8.  Consequence Analysis Modeling
Characteristics and Parameters Technical Areas-I and II

Source: Original
ARFxRF: mathematical product of airborne release fraction and respirable fr action
DF: decontamination factor ; see Section F.2.2.1
NA: not applicable

a Facility Accident Descriptors:
Explosive Components Facility: ECF-1
Neutron Generator Facility: NG-1
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F.2.6 Technical Area-IV

F.2.6.1 Selection of Representative
Accident Scenarios

Safety documentation and other information for TA-IV
facilities were reviewed to identify those that contain
radioactive material. The SNL/NM SWEIS source
documents contain descriptions of the operations
conducted at these facilities and provide estimates of
radioactive material inventory (SNL/NM 1998a). The
Z-Machine is the only facility in TA-IV with amounts of
radioactive material that present a potential consequence
to the public, environment, or workers outside the
facility. Tritium and plutonium are the radioactive

Table F.2–9.  Technical Areas-I and -II Radiological Accident Frequencies and
Consequences to Maximally Exposed Individual and Noninvolved Worker

Source: Original
a Facility Accident Descriptors:
Explosive Components Facility: ECF-1
Neutron Generator Facility: NG-1

Table F.2–10.  Technical Areas-I and -II Radiological Accident
Frequencies and Consequences to the 50-Mile Population

Source: Original
a Facility Accident Descriptors:
Explosive Components Facility: ECF-1
Neutron Generator Facility: NG-1

b Applicable Alternativ e:
All–Accident scenario is applicable to all three alternatives

b Applicable Alternativ e:
All–Accident scenario is applicable to all three alternatives
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materials that are present in quantities sufficient to be of
concern.

Based on the amounts and form of radioactive material
involved, the consequences from the greatest possible
release would be small. The accident scenario that is
postulated for analysis is a catastrophic, unspecified event
that causes all the tritium (in the form of tritiated water)
and/or all the plutonium present in the facility to be
released. This assumption bounds the consequences and
simplifies the analysis.

A tritium accident scenario and a plutonium accident
scenario were postulated for two alternatives, resulting in
a total of three accident scenarios (radioactive material
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Table F.2–11.  Technical Areas-I and -II Radiological Accident
Frequencies and Consequences to Core Receptor Locations

ACCIDENT
IDa

ACCIDENT
SCENARIO

DESCRIPTION

ACCIDENT
FREQUENCY
(per year)

APPLICABLE
ALTERNATIVEb

DOSE
(rem)

INCREASED
PROBABILITY
OF LATENT
CANCER

FATALITY

DOSE
(rem)

INCREASED
PROBABILITY
OF LATENT
CANCER

FATALITY

ECF-1

Catastrophic
release of
building’s
tritium

1.0x10-3

to
1.0x10-6

All Golf Course
(1.6-2.4 km to SSE)

Golf Course
(1.6-2.4 km to S)

3.1x10-7 1.5x10-10 2.5x10-7 1.3x10-10

National Atomic
Museum, Base Housing,

Shandiin Day Care
Center

(1.6-2.4 km to WNW)

Sandia Base
Elementary School,

Coronado Club
(1.6-2.4 km to NW)

1.4x10-7 7.0x10-11 1.5x10-7 7.6x10-11

Sandia Base
Elementary School,

Coronado Club
(1.6-2.4 km to NNW)

Wherry
Elementary School

(2.4-3.2 km to WNW)

2.0x10-7 9.8x10-11 7.5x10-8 3.7x10-11

Wherry
Elementary School,
Child Development

Center-East
(2.4-3.2 km to NW)

Kirtland Underground
Munitions and

Maintenance Storage
Complex (KUMMSC)

(3.2-4.0 km to SSW)

8.3x10-8 4.2x10-11 7.1x10-8 3.5x10-11

Riding Stables
(4.0-4.8 km to SSE)

Veterans Affairs
Medical Center,

Lovelace Hospital
(4.0-4.8 km to WNW)

7.9x10-8 4.0x10-11 3.3x10-8 1.7x10-11

Child Development
Center-West

(5.6-6.4 km to WNW)

Kirtland
Elementary School

(6.4-7.2 km to WNW)

1.9x10-8 9.4x10-12 1.5x10-8 7.6x10-12

NG-1

Catastrophic
release of
building’s
tritium

1.0x10-3

to
1.0x10-6

All
National Atomic

Museum
(0.8-1.6 km to WNW)

Coronado Club
(0.8-1.6 km to NW)

5.7x10-6 2.8x10-9 6.2x10-6 3.1x10-9
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Source:  Original
KAFB: Kirtland Air Force Base
km: kilometer
rem: Roentgen equivalent, man

Table F.2–11.  Technical Areas-I and -II Radiological Accident
Frequencies and Consequences to Core Receptor Locations (concluded)

a Facility Accident Descriptors:
Explosive Components Facility: ECF-1
Neutron Generator Facility: NG-1

b Applicable Alternativ e: All–Scenarios applicable to all three alternatives

would not be present in the Z-Machine under the
Reduced Operations Alternative). The accident IDs and
MAR for each scenario are shown in Table F.2–12.

For both the No Action and the Expanded Operations
Alternatives, because the accidental release is assumed to

be a catastrophic release, both tritium consequences and
plutonium consequences would occur at the same time
and would be additive. The frequencies for all the
accident scenarios established for the Z-Machine were
estimated to be extremely unlikely (1x10-4 to 1x10-6 per
year). This estimate is based on the need for a

ACCIDENT
IDa

ACCIDENT
SCENARIO

DESCRIPTION

ACCIDENT
FREQUENCY
(per year)

APPLICABLE
ALTERNATIVEb

DOSE
(rem)

INCREASED
PROBABILITY
OF LATENT
CANCER

FATALITY

DOSE
(rem)

INCREASED
PROBABILITY
OF LATENT
CANCER

FATALITY

Sandia Base
Elementary School

(0.8-1.6 km to NNW)

Base Housing,
Shandiin Day
Care Center

(1.6-2.4 km to W)

7.8x10-6 3.9x10-9 2.5x10-6 1.2x10-9

Wherry Elementary
School, Base Housing,

Shandiin Day Care
Center

(1.6-2.4 km to WNW)

Child Development
Center-East

(1.6-2.4 km to NW)

2.4x10-6 1.2x10-9 2.6x10-6 1.3x10-9

Golf Course
(2.4-3.2 km to SSE)

Veterans Affairs
Medical Center

(3.2-4.0 km to W)

2.9x10-6 1.4x10-9 8.2x10-7 4.1x10-10

Kirtland Elementary
School

(5.6-6.4 km to W)

Veterans Affairs
Medical Center,

Lovelace Hospital
(3.2-4.0 km to WNW)

3.3x10-7 1.7x10-10 8.1x10-7 4.0x10-10

Kirtland Underground
Munitions and

Maintenance Storage
Complex (KUMMSC)
(3.2-4.0 km to S)

Riding Stables
(4.0-4.8 km to SSE)

1.1x10-6 5.6x10-10 1.4x10-6 6.8x10-10

Child Development
Center-West

(4.8-5.6 km to WNW)

4.3x10-7 2.1x10-10
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catastrophic event, such as an airplane crash or
earthquake, to cause release of the entire inventory of the
facility.

F.2.6.2 Consequence Analysis M odeling
Characteristics and Parameters

Table F.2–13 provides the key modeling assumptions and
input parameters for the MACCS2 consequence analysis
of TA-IV accidents.

F.2.6.3 Results

Table F.2–14 provides the consequence estimates for the
MEI and the noninvolved worker. A distance of 100 m
from the release point was used to estimate the dose to
noninvolved workers. Table F.2–15 provides consequence
for the population within the surrounding 50-mi radius.
Table F.2–16 provides consequence estimates for all core

Table F.2–13.  Consequence Analysis Modeling
Characteristics and Parameters Technical Areas-IV

Source: Original
ARFxRF: mathematical product of airborne release fraction and respirable fr action
DF: decontamination factor ; see Section F.2.2.1
NA: Not applicable

Table F.2–12.  Accident Scenarios for Z-Machine

a Facility Accident Descriptors:
Z-Machine-tritium: ZH3-1, ZH3-2
Z-Machine-plutonium: ZPu-1

Source: Original
a Facility Accident Descriptors:

Z-Machine-tritium: ZH3-1, ZH3-2
Z-Machine-plutonium: ZPu-1

Note: For Reduced Oper ations Alternativ e, the Z-Machine will not operate.

receptors. Because some core receptor locations are large
(for example, golf course), the receptor could be located
in more than one direction.

F.2.7 Technical Area-V

F.2.7.1 Selection of Representative
Accident Scenarios

This section describes the selection of the representative
radiological accident scenarios to characterize the
accident impacts for TA-V in the SWEIS. This section
also develops or references source-term data for the
accidents selected for consequence analysis.

F.2.7.2 Scenario Selection Approach

A systematic approach was used to select a representative
set of radiological accident scenarios at TA-V for analysis
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Table F.2–14.  Technical Area-IV Radiological Accident Frequencies and
Consequences to the Maximally Exposed Individual and Noninvolved Worker

Source: Original
a Facility Accident Descriptors:
Z-Machine-tr itium: ZH3-1, ZH3-2
Z-Machine-plutonium: ZPu-1

b Applicable Alternativ e:
N–Scenario is applicable to No Action Alter native
E–Scenario is applicable to Expanded Operations Alternativ e

Table F.2–15.  Technical Area-IV Radiological Accident
Frequencies and Consequences to 50-Mile Population

Source: Original
a Facility Accident Descriptors:
Z-Machine-tr itium: ZH3-1, ZH3-2
Z-Machine-plutonium: ZPu-1

b Applicable Alternativ e:
N–Scenario is applicable to No Action Alter native
E–Scenario is applicable to Expanded Operations Alternativ e
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Table F.2–16.  Technical Area-IV Radiological Accident
Frequencies and Consequences to Core Receptor Locations
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Source:  Original
km: kilometer
a Facility Accident Descriptors:

Z-Machine-tr itium: ZH3-1, ZH3-2
Z-Machine-plutonium: ZPu-1

b Applicable Alternativ e:
N–Scenario is applicable to No Action Alternative
E–Scenario is applicable to Expanded Operations Alter native

Table F.2–16.  Technical Area-IV Radiological Accident Frequencies and
Consequences to Core Receptor Locations (concluded)

Notes: 1) Under the Reduced Operations Alter native, the Z-Machine does not use tritium or
plutonium.

2) Depending on the exact accident scenario, the consequences for the Expanded
Operations Alter native may or may not be additive.
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of consequences. Types of accidents selected included
earthquakes, fires, criticalities, high-frequency accidents,
and high-consequence accidents. The accidents selected
cover the spectrum of accidents ranging from low-
consequences–high-frequency to
high-consequences–low-frequency accidents. The
complete set of accidents postulated in existing safety
documents and EISs was the primary basis for selection.
The SWEIS accident analysis team supplemented this set
with several additional accident scenarios based on
facility walk-throughs and review of the operations and
associated hazards. Generally, existing accident scenarios
were used as-is.

The first step in identifying the set of representative
accident scenarios for further analysis in the SWEIS was
to review existing safety documents and EIS’s and
identify the accident scenarios postulated in these
documents. Scenario frequencies, if available, were also
noted. Accident frequencies are not estimated for many
scenarios postulated in SARs. The SWEIS accident
analysis team estimated frequency bins for these scenarios
based on descriptions in the SARs. (Due to uncertainties
and the randomness of events that cause accidents,
scenario frequencies are typically categorized into
frequency bins, as described above in Section F.2.4.)

The following TA-V nuclear facilities were considered in
the first step of this selection process:

• ACRR (Defense Programs [DP] configuration)

• ACRR (medical isotopes production configuration)

• Hot Cell Facility (medical isotopes production
configuration)

• SPR Facility

• Gamma Irradiation Facility (GIF)

• New Gamma Irradiation Facility (NGIF)

Additional accident scenarios were identified by the
SWEIS accident analysis team.

A two-step screening process was then used to select the
set of accident scenarios for SWEIS consequence
analysis. The first step was to review the complete set of
accidents for potentially high-consequence and high-risk
accidents as well as accident types of interest. The
following types of accidents were selected for further
consideration:

• High-consequence accidents

• High-frequency accidents

• Airplane crash accidents

• Earthquakes

• Criticality events

• Fires

The accident scenarios selected by this first-step
screening are summarized in Table F.2–17. Identification
codes have been assigned to each scenario, as indicated in
Table F.2–17, and in the scenario descriptions in
following sections.

The second screening step eliminated several scenarios
from those listed in Table F.2–17. The objective of this
second screening step was to identify a reasonable
number of accidents that would characterize the
consequence from radiological accidents at TA-V
facilities. Scenarios eliminated from consideration by this
second screening step are those that are clearly bounded
by other scenarios or those that lead to essentially the
same consequences and risk. Both the frequency (as it
affects the risk) and the severity of the consequences of
scenarios were considered in the screen. Table F.2–17
identifies those scenarios that were and were not selected
for analysis by the final screening process.

Accident frequencies shown in Table F.2–17 are based on
source documents such as SARs. Some of these
documents present frequency in a semi-quantitative form
or as a range (for example <1x10-6 or IV). The range
reflects the degree of uncertainty in the event’s
occurrence.

Note that no scenarios for the GIF are included in
Table F.2–17. The first screening step eliminated the
scenarios for this facility because they were determined to
be bounded by the accidents that might occur at the
other TA-V facilities.

F.2.7.3 Description of Accident Scenarios

The following sections discuss in detail each of the accident
scenarios listed on Table F.2–17. A discussion of the second
screening step is included for each scenario, providing an
explanation for scenarios eliminated from further analysis.
For scenarios that were selected for analysis, information is
provided describing the scenario frequency, the radioactive
MAR, and the basis for the radioactive source term for the
consequence analysis.

ACRR/Medical Isotopes
Production (AM Scenarios)

AM-1 Airplane Crash—Collapse of Bridge Crane

Source Scenario Description—This scenario is discussed in
paragraph 5.15.1.3 of the Medical Isotopes Production
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Table F.2–17.  Technical Area-V Radiological Accident Scenarios for the
No Action, Reduced Operations, and Expanded Operations Alternatives
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Table F.2–17.  Technical Area-V Radiological Accident Scenarios for the
No Action, Reduced Operations, and Expanded Operations Alternatives (continued)
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Sources: DOE 1996f; SNL/NM 1995c, 1995e, 1995v; Appendix F.4; SNL 1996d; Schmidt 1998
EIS: environmental impact statement
FP: fission products
g: gram
MIPP: Medical Isotopes Production Project
SAR: saf ety analysis report
SWEIS: Site-Wide Environmental Impact Statement
Y/N: yes/no
Note: Shaded scenarios were added by SWEIS Accident Analysis Team.

Table F.2–17.  Technical Area-V Radiological Accident Scenarios for the
No Action, Reduced Operations, and Expanded Operations Alternatives (concluded)
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Project Environmental Impact Statement (MIPP EIS)
(DOE 1996b). To bound the risks of an airplane crash, it
was assumed that the airplane crash would cause the
bridge crane to fall into the reactor pool, impact the
reactor superstructure, and result in the rupture of four
fuel elements in the reactor core.

The frequency of 5x10-5  per year used in the MIPP EIS is
that of the crash, and does not factor in the likelihood of
the crane being over the reactor pool at the time of the
crash. The frequency of this scenario would be one or two
orders of magnitude less than the frequency of the crash
itself. Massey, et a l. (SNL 1995e), concluded that other than
the fatalities that result from the crash, the consequences
to the ACRR would not exceed those from a seismic event
causing a similar accident (collapse of bridge crane).

SWEIS Screen—This scenario was selected for SWEIS
analysis because it is a potentially high-risk scenario.

SWEIS Scenario Description—The SWEIS analysis
postulated the same scenario as the MIPP EIS. The
consequences are based on the rupture of four fuel
elements in the reactor core.

SWEIS Frequency—The airplane crash frequency for
TA-V was updated for the SWEIS. It was calculated to be
6.3x10-6 per year. The SWEIS used this frequency for the
scenario frequency, although it is recognized that the
frequency will be lower because the bridge crane is seldom
over the reactor. However, this scenario is assumed to
bound the effect an airplane crash into the ACRR building
might have on the reactor core.

SWEIS Source Term:

MAR—The release was based on a rupture of four fuel
elements. The fission product inventory in one element is
given in the “Total Inventory” column of Table 1 of
Attachment 2 to the April 13, 1998 memo from T. R.
Schmidt to L. S. Bayliss (Schmidt 1998). This fuel
element inventory times four (for four elements) is used
rather than the building releases from the MIPP EIS to
allow the SWEIS analysis to use consistent assumptions
for mitigative features. (SNL/NM personnel noted that
the Attachment 2 data were the basis for the MIPP EIS
analysis.)

Release Assumptions—Fission products from the four
ruptured elements were assumed to be released into the
reactor pool (with consideration for the appropriate release
fraction). The airplane crash was assumed to breach the
reactor building, resulting in a ground-level release of the
fission products, which pass through the reactor pool.
Table F.2–18 summarizes the source-term release

characteristics (such as release height and buoyancy
considerations) and the values for the source-term
factors used in the determination of the source terms
from this postulated accident scenario.

AM-2 Earthquake—Collapse of Bridge Crane

Source Scenario Description—This scenario is discussed
in paragraph 5.15.1.3 of the MIPP EIS (DOE 1996b).
The MIPP EIS assumed that the earthquake would cause
the crane to fall onto the reactor superstructure with
resultant rupture of four fuel elements. The releases for
this scenario were assumed to be the same as those for
the airplane crash scenario (scenario AM-1).

SWEIS Screen—As discussed below under the SWEIS
Frequency paragraph, recent site-specific data indicate
the frequency of an earthquake large enough to cause
collapse of the bridge crane is approximately 7x10-4  per
year (See section F.7.2). This is higher than the frequency
of less than 1x10-6  per year that was previously estimated
in Massey, et al. (SNL 1995e). This scenario was
analyzed for the SWEIS using the recent frequency data.
At this frequency, this is a high-risk scenario.

SWEIS Scenario Description—A large earthquake occurs
at TA-V (0.22 g), causing ACRR building damage that
results in collapse of the bridge crane. The bridge crane
falls into the reactor pool, impacts the reactor
superstructure, and results in the rupture of four fuel
elements in the reactor core. Other than the initiating
event, this scenario is the same as the airplane crash,
Scenario AM-1. No additional releases are postulated
because the reactor is located at the bottom of the pool
and protected from other debris that may result from
failure of the building structure.

SWEIS Frequency—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A Uniform
Building Code (UBC)-level earthquake (0.22 g) with a
frequency of 7x10-4 per year could result in collapse of
the ACRR building.

SWEIS Source Term:

MAR—The MAR is the same as that discussed above for
Scenario AM-1.

Release Assumptions—The release assumptions were the
same as for Scenario AM-1, above. Table F.2–18
summarizes the source-term release characteristics (such
as release height and buoyancy considerations) and the
values for the source-term factors used in the
determination of the source terms from this postulated
accident scenario.
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Table F.2–18.  Consequence Analysis Modeling
Characteristics and Parameters for Technical Area-V
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Table F.2–18.  Consequence Analysis Modeling
Characteristics and Parameters for Technical Area-V (continued)
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Sources: DOE 1994b; SNL/NM 1995e, 1995v; SNL 1992b, 1996d
ARFxRF: mathematical product of airborne release fraction and respirab le fraction
DF: decontamination factor ; see Section F.2.2.1
NA: not applicable
Note : Pool DF values used are 1.0 for noble gases, 100 for halogens, and 1,400 for all other radion uclides.

Table F.2–18.  Consequence Analysis Modeling
Characteristics and Parameters for Technical Area-V (concluded)
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AM-3 Fuel Element Rupture

Source Scenario Description—The ACRR SAR
(SNL/NM 1996d), in paragraph 14.4.8, postulates a
waterlogged fuel element rupture accident. This
scenario would be initiated by a pinhole leak in the
cladding of a fuel element through which water is
drawn by heat-up/cool-down cycles. Steam generation
during a pulse might build up internal pressure and
rupture the cladding. The rupture of the waterlogged
element could damage adjacent fuel elements. The SAR
analysis assumes failure of a total of four fuel elements,
with ejection of the fuel from all four elements into the
pool water. Based on the SAR discussion, the frequency
of this accident was estimated to be 0.1 per year.

SWEIS Screen—The mechanism for the fuel element
rupture that is described in the SAR is dependent on
the reactor operating in a pulse mode. Massey, et al.
(SNL 1995e), screened out this accident by estimating
that the frequency of this type of fuel element failure is
likely to be less than 1x10-6 per year in the medical
isotopes production configuration (that is steady-state
operation). The SWEIS Accident Analysis Team agrees
that the failure mechanism described in the SAR might
not be physically possible in steady-state operation.
However, other failure mechanisms exist for reactor fuel
elements operating in a steady-state mode. Accident
analyses for power reactors operating in the steady-state
mode typically include a fuel element rupture scenario
(NRC 1996). The SWEIS therefore includes a fuel
element rupture scenario that releases the fission
product inventory of one fuel element. While the
consequences of this scenario are bounded by other
accidents, its frequency is estimated to be greater than
some of the higher consequence accidents. Including
this scenario contributes to a larger spectrum of
accidents considered in the SWEIS accident analysis.

SWEIS Scenario Description—The SWEIS analysis
postulated a rupture of one fuel element in the reactor
core during steady-state operation. The exact
mechanism is not specified, but a number are possible.
Potential mechanisms include overheating of a fuel
element or mechanical damage to an element during
handling that causes a failure during operation. An
insertion of excess reactivity is also possible, even in the
steady-state mode, due to a number of unplanned
operational transients. This is another potential cause
of a fuel element rupture.

SWEIS Frequency—The rupture of a fuel element
when the reactor is operating in the steady-state is
estimated to be unlikely (10-2 to 10-4  per year). Fuel

element ruptures are not a common occurrence, but a
number of power reactor fuel element failures have
occurred to some degree.

SWEIS Source Term:

MAR—The release was based on the fission product
inventory of one fuel element, which is given in the “Total
Inventory” column of Table 1 of Attachment 2 to the
April 13, 1998, memo from T. R. Schmidt to L. S. Bayliss
(Schmidt 1998). These data are discussed above under
scenario AM-1.

Release Assumptions—Fission products from the ruptured
element were assumed to be released into the reactor pool
(with consideration for the appropriate release fraction). An
elevated release through the stack was assumed for the
fission products that pass through the reactor pool. Table
F.2–18 summarizes the source-term release characteristics
(such as release height and buoyancy considerations) and
the values for the source-term factors used in the
determination of the source terms from this postulated
accident scenario.

AM-4 Rupture of One Molybdenum-99 Target

Source Scenario Description—This scenario is discussed in
paragraph 5.15.1.3 of the MIPP EIS (DOE 1996b). The
MIPP EIS assumed that one target would rupture in the
core. This accident was postulated to bound accidents
involving targets that might take place during irradiation.

SWEIS Screen—This scenario was analyzed for the SWEIS
because it represents a scenario different from the fuel-
related accidents and is a potentially high-risk scenario.

SWEIS Scenario Description—The SWEIS analysis
postulated the same scenario as the MIPP EIS. The
consequences were based on the rupture of one irradiated
target in the target grid assembly in the reactor core.

SWEIS Frequency—A feasibility study of MIPP estimates
the frequency of this event at 1x10-4 to 1x10-6 per year
(SNL 1995e).

SWEIS Source Term:

MAR—The release was based on the “Total Inventory”
column of Table 2 of Attachment 2 to the April 13, 1998,
memo from T. R. Schmidt to L. S. Bayliss (Schmidt 1998).
These target inventories were used rather than the MIPP
EIS releases to allow the SWEIS analysis to use consistent
assumptions for mitigative features.

Release Assumptions—Fission products from the ruptured
target were assumed to be released into the reactor pool
(with consideration for the appropriate release fraction). An
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elevated release through the stack was assumed. Table  F.2–18
summarizes the source-term release characteristics (such as
release height and buoyancy considerations) and the values
for the source-term factors used in the determination of the
source terms from this postulated accident scenario.

AM-5 Fuel Handling Accident—One
Irradiated Fuel Element Ruptures

Source Scenario Description—This scenario is discussed in
paragraph 5.15.1.3 of the MIPP EIS (DOE 1996b). The
MIPP EIS states that fuel-handling accidents were evaluated
and not considered to have as great a risk as those chosen for
analysis in the EIS. This appears to be based on the
assumption that fuel handling will be performed under
water until the fission products have decayed to where they
are no longer a significant hazard.

SWEIS Screen—This scenario was analyzed for the SWEIS
because it is a potentially high-consequence scenario. The
accident was assumed to occur outside of the reactor pool,
so there would be no pool mitigation.

SWEIS Scenario Description—The scenario under the
SWEIS is that, while being transferred from the ACRR pool
to the GIF pool, an irradiated fuel element is dropped,
impacts a hard surface, and ruptures. Although plans are to
transfer the fuel to the GIF pool under water, the analysis
assumes that for some reason the transfer has to be made by
lifting the element out of the ACRR pool and up through
the air into the GIF pool. The facility operators indicated
that fuel elements have been transferred this way in the past.

SWEIS Frequency—Based on the plans to normally transfer
fuel under water, the high radiation level posed by such
irradiated fuel if removed from the pool, and the large
number of administrative controls that will have to be
overridden, the frequency of this event was estimated to be
extremely unlikely, 1x10-4 to 1x10-6 per year.

SWEIS Source Term:

MAR—The release was based on the fission product
inventory of one irradiated fuel element. Table 3 of
Attachment 2 to the April 13, 1998, memo from T. R.
Schmidt to L. S. Bayliss (Schmidt 1998) provides the
inventory of one fuel element for worst-case power history
immediately after shutdown. Fuel elements will be allowed
to decay prior to transfer, resulting in lower fission product
inventories. The inventories in Table 3 were used for the
SWEIS source term because data are not available for
decayed elements and it is uncertain how long the elements
will be allowed to decay. This assumption results in higher
consequences than if a decay period was accounted for in

the source term.

Release Assumptions—Fission products from the
ruptured element were assumed to be released directly
into the reactor building (with consideration for the
appropriate release fraction). An elevated release through
the stack was assumed. Table F.2–18 summarizes the
source-term release characteristics (such as release height
and buoyancy considerations) and the values for the
source-term factors used in the determination of the
source terms from this postulated accident scenario.

AM-6 Airplane Crash and Fire
in Reactor Room with Unirradiated
Fuel and Targets Present

Source Scenario Description—An airplane crash was
considered in the MIPP EIS (DOE 1996b), but only its
impact on the core was evaluated. There was no
consideration of the potential impact of an airplane crash
on material that might be on the operating floor.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it represents a different type of accident
than those that have been postulated. In addition, there
would be no pool mitigation because the release would
occur outside the reactor pool.

SWEIS Scenario Description—The scenario postulates
an airplane crash into the reactor building while the
reactor is shut down in preparation for refueling. New
fuel elements would be present in the reactor room
awaiting insertion into the core. In addition, fresh targets
would also be present awaiting insertion after refueling.
The airplane would penetrate the building and cause a
large fire in the reactor room.

SWEIS Frequency—The airplane crash frequency for
TA-V was updated for the SWEIS. It was calculated to
be 6.3x10-6  per year. This frequency was used for this
scenario, recognizing that this is an overestimate because
it does not account for the limited amount of time that
new fuel and fresh targets would be present on the
operating floor.

SWEIS Source Term:

MAR—The MIPP EIS projects 57 spent fuel elements
would require replacement per year. Assuming one
refueling per year, 57 fresh fuel elements could be present
on the operating floor just prior to refueling. In addition,
it was assumed that two fresh target loads would also be
present on the operating floor. This is based on two loads
of 19 targets each, which would be the initial target
configuration. This is a conservative, bounding
assumption, because it is unlikely that two loads would
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be present on the operating floor. Two loads of the initial
design load of 19 targets also bounds one load at the
higher load size of 38 targets. The MAR equals 22.37 kg
of uranium-235 (57 fuel elements x 380 g of uranium-
235 per fuel element + 38 targets x 18.6 g of
uranium-235 per target) (Schmidt 1998). The dose
contribution from the uranium-238 in the fuel elements
is less than 1 percent, based on a comparison of relative
amounts, their specific activity, and dose conversion
factors.

Release Assumptions—The release was assumed to be a
ground-level release because the airplane crash was
assumed to breach the reactor building. Table F.2–18
summarizes the source-term release characteristics (such
as release height and buoyancy considerations) and the
values for the source-term factors used in the
determination of the source terms from this postulated
accident scenario.

AM-7 Target Rupture During Transfer
from ACRR to Hot Cell Facility

Source Scenario Description—This scenario is discussed
in paragraph 5.15.1.4 of the MIPP EIS (DOE 1996b). A
target rupture would occur in transit between the ACRR
and the HCF as a result of an unspecified incident
involving the transport equipment or operation.

SWEIS Screen—This scenario was analyzed in the
SWEIS because it is the worst-case scenario involving an
irradiated target and is a potentially high-consequence
scenario.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS.

SWEIS Frequency—The MIPP EIS estimates this
frequency to be beyond extremely unlikely, less than
1x10-6  per year. The targets are transported in a cask
designed to protect the target in the event of most
potential transport accidents. The SWEIS assumes a
frequency at the high end of the estimate, 1x10-6 per
year.

SWEIS Source Term:

MAR—The source term is the fission product inventory
listed in Table 5–24 of the MIPP EIS. The MIPP EIS
data were used directly for this scenario because neither
the MIPP EIS nor the SWEIS assumes any mitigation.

Release Assumptions—The Table 5–24 inventory was
assumed to be released directly into the atmosphere,
because this scenario can occur between the reactor

building and the HCF. The release was assumed to be a
ground-level release. Table F.2–18 summarizes the
source-term release characteristics (such as release height
and buoyancy considerations) and the values for the
source-term factors used in the determination of the
source terms from this postulated accident scenario.

HCF—Medical Isotopes Production
Configuration (HM Scenarios)

HM-1 Operator Error During Mo-99
Target Processing

Source Scenario Description—This scenario is discussed
in paragraph 5.15.1.5 of the MIPP EIS (DOE 1996b).
An operator could inadvertently open the wrong valve or
open the correct valve at the wrong time. Mechanical
failures of valves or transfer lines could occur, releasing
the waste gases from the decay tank (cold trap). The loss
of fission products would be inside the hot cells and
most of the fission products would be contained on the
charcoal or high-efficiency particulate air (HEPA) filters.
Noble gases, however, would be vented to the HCF
stack. It was assumed that the targets were irradiated for
7 days at 20 kw of power and had cooled for 16 hours
before the release. A total of 1,550 Ci of noble gases
would be released; their proportions were assigned based
on the above power rating of the targets. The estimated
release is shown in Table 5–26 of the MIPP EIS.

SWEIS Screen—This scenario was analyzed in the SWEIS
because it is the highest risk scenario in the MIPP EIS.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS.

SWEIS Frequency—The MIPP EIS estimated a
frequency of 1.0 x 10-2 to 1.0 x 10-1  per year. The SWEIS
used this estimate, recognizing that the frequency would
likely be lowered as design development continues,
especially if this event is identified as having a high risk.
Design features or operational controls could be added
to reduce the frequency of this scenario.

SWEIS Source Term:

MAR—The content of the decay cold trap would be
available for release. The gas that would be released is
given in Table 5–26 of the MIPP EIS.

Release Assumptions—The gas inventories in Table 5–26
were assumed to be released as an elevated stack release.
Table F.2–18 summarizes the source-term release
characteristics (such as release height and buoyancy
considerations) and the values for the source-term
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factors used in the determination of the source terms
from this postulated accident scenario.

HM-2 Operator Error During
Iodine-125 Target Pr ocessing

Source Scenario Description—This scenario is
discussed in paragraph 5.15.1.5 of the MIPP EIS
(DOE 1996b). This scenario is similar to HM-1, but
would occur while iodine-125 targets, rather than
molybdenum-99 targets, are being processed. This
scenario was assumed to occur 72 hours after
irradiation. Cold trap valves would be left open when
the gas is being transferred between decay storage
tanks. The estimated release would consist of 31 Ci of
xenon-125. The MIPP EIS assumes that other
radionuclides (such as iodine-125) would be present,
but filters would capture all the halogens. The dose
would be dominated by the xenon-125.

SWEIS Screen—This scenario was analyzed in the
SWEIS because it was the highest consequence scenario
in the MIPP EIS.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS.

SWEIS Frequency—The MIPP EIS estimated a
frequency of 1.0 x 10-2  to 1.0 x 10-1  per year, which was
used for the SWEIS. This is essentially the same event
as HM-1, but the frequency is an order of magnitude
less because iodine-125 targets would be processed
much less frequently than molybdenum-99 targets.

SWEIS Source Term:

MAR—The MAR is the content of the decay tank
(cold trap). The MIPP EIS determined that the 31 Ci
of xenon-125 in the tank would dominate the dose
calculations. The SWEIS analysis used this inventory.

Release Assumptions—The gas inventory of 31 Ci of
xenon-125 was assumed to be released as an elevated
stack release. Table F.2–18 summarizes the source-term
release characteristics (such as release height and
buoyancy considerations) and the values for the source-
term factors used in the determination of the source
terms from this postulated accident scenario.

HM-3 Airplane Crash, Penetrates
Building into Hot Cell Basement

Source Scenario Description—This scenario is
discussed in paragraph 5.15.1.5 of the MIPP EIS

(DOE 1996b). The MIPP EIS qualitatively concludes
that the probability of an airplane crash into the HCF,
as well as the potential dose, would be much smaller
than the probability and consequences from an
operator error scenario (HM-1 or HM-2).

SWEIS Screen—This scenario was not analyzed for
the SWEIS. Its consequences and risks would be less
than other HCF scenarios.

HM-4 Fire in Steel Containment
Box Used for Pr ocessing Targets

Source Scenario Description—The MIPP EIS
(DOE 1996b) states that a fire was considered but
not analyzed because the potential dose was much
smaller than the consequences from the HM-1 and
HM-2 scenarios.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it would result in higher
consequences than the other scenarios for target
processing that were taken from the MIPP EIS.

SWEIS Scenario Description—Lacking design and
operational details, a bounding scenario was
postulated for the SWEIS. It was assumed that a
large fire in the steel containment box would result
in the release of the gases in the decay tank (cold
trap), as in scenario HM-1, plus the fission products
from one irradiated target being processed.

SWEIS Frequency—Based on the frequency of
occurrence of similar fire accident scenarios
postulated in the existing HCF SAR, this scenario
was estimated to be unlikely (frequency of 1x10-2  to
1x10-4 per year).

SWEIS Source Term:

MAR—The release from one target is based on the
“Total Inventory” column of Table 2 of Attach-
ment 2 to the April 13, 1998, memo from T. R.
Schmidt to L. S. Bayliss (Schmidt 1998). The
inventory of gases in the cold trap is given in the
MIPP EIS, Table 5–26.

Release Assumptions—The release would be the sum
of the cold trap gases and the fission products
released from the target and was assumed to be an
elevated stack release. The cold trap gas inventories
were taken directly from Table 5–26. The target
release was assumed to be the fission product
inventories from Table 2, accounting for the
appropriate release fraction. The fission products
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from the target were assumed to be released without
mitigation. Table F.2–18 summarizes the source-term
release characteristics (such as release height and
buoyancy considerations) and the values for the
source-term factors used in the determination of the
source terms from this postulated accident scenario.

HCF (HC Scenario)

HC-1 Earthquake - Building Collapse

Source Scenario Description—The HCF SAR
(SNL/NM 1995e) discusses seismic analyses that
show that earthquakes up to the UBC-level in
magnitude (0.22 g) are not expected to cause any
major damage to the facility. The SAR indicates the
event would pose no radiological or toxicological
consequences to workers or the public. However, a
recent study (Paragon 1997 and 1998) found that the
HCF would fail the 0.22 g earthquake.

SWEIS Screen—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A UBC-
level earthquake (0.22 g) with a frequency of 7x10-4

per year could result in collapse of the HCF
building. This scenario was analyzed for the SWEIS
because it is a high-risk scenario.

SWEIS Scenario Description—A large earthquake
(0.22 g) occurs at TA-V, causing significant damage
to the HCF building. The collapse causes multiple
effects on radioactive material in the facility. The
gases in the cold trap from processing medical
isotopes production targets are postulated to be
released. A fire is postulated in the steel containment
box where a target is being processed, resulting in the
release of the fission products from that target. A fire
is also postulated in Room 108, assuming the
maximum inventory of fissionable material is being
stored there in addition to waste material from
medical isotopes production. These effects and the
resultant releases are the same as the combination of
Scenarios HM-4 and HS-2, above.

SWEIS Frequency—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A UBC-level
earthquake (0.22 g) with a frequency of 7x10-4 per year
could result in collapse of the ACRR building.

SWEIS Source Term:

MAR—The MAR is the sum of the MAR in
Scenarios HM-4 and HS-2, above.

Release Assumptions—The release assumptions were
the same as for Scenarios HM-4 and HS-2, above, for
the respective MAR. Table F.2–18 summarizes the
source-term release characteristics (such as release
height and buoyancy considerations) and the values for
the source-term factors used in the determination of
the source terms from this postulated accident scenario.

HCF—Room 108 Storage (HS Scenarios)

HS-1 Fire in Room 108 (SAR Scenario #3)

Source Scenario Description—This scenario is discussed in
Section 3.4.2.1 of the HCF SAR (SNL/NM 1995e). A
general combustible fire would be ignited by an event such
as an electrical short, forklift incident, or other unspecified
circumstance. Various radioactive materials ranging from
fissile material to fission products in various forms are
stored in Room 108. The inventory of such materials
changes from time to time. Although the combustible
loading in Room 108 is low on average, the nature of the
radioactive material stored there limits the type of
mitigating systems and actions. The limit on the
maximum quantity of fissile material in Room 108 is
500 kg, with 350 kg allocated for the SPR. Table 3.4–11
of the HCF SAR shows the types and amounts of
radioactive material typically stored in Room 108, both
average and maximum estimates. The SAR analysis
considered both average and maximum quantities, but the
frequency of having the maximum material amount in the
room was very low. The likelihood of a medium-size fire
with maximum quantities present (Scenario #4) was,
therefore, determined to be very low, less than 1x10-6 .
Scenario #3 is a medium-size fire with the average material
quantities available. The total of the average quantities
would be 13.5 kg (from Table 3.4–11). Scenario #3 is
more likely than Scenario #4, but its consequences are
lower. The consequence analysis in the SAR simplified the
calculations by choosing plutonium-239 as the surrogate
material representing all radionuclides present. This
simplification eliminated the need to consider different
materials with their different properties. With this
assumption, the SAR analysis postulated 13.5 kg of
plutonium-239 as the MAR for a fire.

SWEIS Screen—HCF SAR scenarios #3 and #4 were
both analyzed for the SWEIS because they are potentially
high-risk and high-consequence scenarios, respectively.
The two scenarios are similar events: SAR Scenario #3
(SWEIS Scenario HS-1) is a medium-size fire with
average material inventories, and SAR Scenario #4
(SWEIS Scenario HS-2) is a medium-size fire with
maximum material inventories.
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SWEIS Scenario Description— Although the mission of
the HCF is changing with the conversion to medical
isotopes production, SNL/NM indicated that Room 108
will continue to be used to store nuclear material related
to the facility’s previous mission, at least for a while.
Additional radioactive materials related to the new
mission may also be present in Room 108. While
radioactive waste from the medical isotopes production
process will be stored in barrels in Room 109 (adjacent
to Room 108), Room 108 will be used to stage barrels
prior to shipping. The same fire scenario analyzed in the
SAR is postulated in the SWEIS, with the additional
radioactive material from the isotopes production waste
barrels that may be staged in Room 108.

Medical isotopes production waste (which includes
fission products, uranium oxide, and contaminated
equipment) will be managed in a solidified cement form
in the barrels. Up to 180 barrels of waste in solidified
cement may be stored in Room 109. In this form,
however, the radioactive material is not susceptible to
dispersal by fire. An accident scenario in Room 109,
such as a large fire, is not, therefore, postulated for the
SWEIS. The consequences of such an event are
bounded by the postulated fire in Room 108, which
contains nuclear material in a dispersible form.

SWEIS Frequency—The SAR frequency of 3.3x10-5 for
Scenario #3 was used for the SWEIS.

SWEIS Source Term:

MAR— This scenario represents average material
inventories, HS-2 represents maximum inventories. The
historic material quantities for this scenario are given in
the “average” column of Table 3.4–11 of the HCF SAR.
TA-V management has indicated that existing nuclear
material will continue to be stored in Room 108, at
least for a while, in addition to using the room to stage
waste from medical isotopes production
(Schmidt 1998). The accident scenario from the HCF
SAR would still apply during medical isotopes
production, but the medical isotopes production
waste must be considered in addition to the historical
inventories in the SAR.

Up to eight barrels of medical isotopes production waste
are estimated to be staged in Room 108. Each barrel
could contain up to 1,200 Ci of mixed fission products
in the form of solidified cement within vented stainless
steel containers and up to 400 g of fully enriched
uranium dioxide. While all the material will be in
solidified cement and not susceptible to dispersal, some
material (uranium oxide) is assumed to be available for

dispersal to bound the accident consequences. For this
average inventory scenario, half the barrels are postulated
to be present with half the maximum content of
radioactive material. This assumption results in a MAR
of 800 g of enriched uranium dioxide for the medical
isotopes production waste.

Release Assumptions—The release was based on
applying the release fractions for plutonium and
uranium exposed to a large fire to the inventories
present. Table 3.4–11 of the HCF SAR describes the
forms of plutonium and uranium present. Separate
releases for plutonium and uranium were calculated and
modeled. An elevated stack release was assumed. As
discussed above, the uranium in the isotopes
production waste was assumed to be in a dispersible
form (that is, exposed metal) even though it is planned
to be placed in solidified cement inside barrels.
Table F.2–18 summarizes the source-term release
characteristics (such as release height and buoyancy
considerations) and the values for the source-term
factors used in the determination of the source terms
from this postulated accident scenario.

HS-2 Fire in Room 108 (SAR Scenario #4)

Source Scenario Description—This scenario, discussed
above under the HS-1 scenario, is a larger consequence,
lower frequency fire scenario than SAR Scenario #3
(SNL/NM 1995e).

SWEIS Screen—This scenario was analyzed for the
SWEIS. See the discussion above for scenario HS-1.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS. The material inventories in
the SAR were supplemented by the staging nuclear
material related to medical isotopes production (waste)
in Room 108 (see the discussion below under MAR).

SWEIS Frequency—The frequency in the HCF SAR of
2.0x10-7  for Scenario #4 was used for the SWEIS.

SWEIS Source Term:

MAR—This scenario represents maximum material
inventories. The maximum historic quantities are given
in the “maximum” column of Table 3.4–11 of the HCF
SAR. The maximum medical isotopes production waste
quantity was added to this. As noted above under the
discussion for Scenario HS-1, medical isotopes
production waste is planned to be in solidified cement
and not susceptible to dispersal. The addition of some
of this waste to the MAR in a dispersible form is
postulated to bound the consequences of the accident
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scenario. The maximum MAR from isotopes
production waste for HS-2 was postulated to be the
total uranium oxide inventory of eight barrels with each
barrel containing the maximum inventory of 400 Ci
per barrel. This results in a total of 3.2 kg of uranium
oxide.

Release Assumptions—The release was based on
applying the release fractions for plutonium and
uranium exposed to a large fire to the inventories
present. Table 3.4–11 of the HCF SAR describes the
forms of plutonium and uranium present. Separate
releases for plutonium and uranium were calculated and
modeled. An elevated stack release was assumed. As
discussed above, the uranium in the isotopes
production waste was assumed to be in a dispersible
form (that is exposed metal) even though it is planned
to be placed in solidified cement inside barrels.

HS-3 Criticality in Room 108,
50 kg of Plutonium-239

Scenario Description—This scenario is discussed in
Section 3.4.2.4 of the HCF SAR (SNL/NM 1995e). A
violation of an administrative control related to fissile
material quantity or storage configuration would cause
an inadvertent criticality.

SWEIS Screen—This scenario was not analyzed for the
SWEIS. Consequences to onsite workers and the public
would be small (although the consequences to a worker
in the immediate vicinity could be lethal). The
frequency was estimated in the SAR to be very small (at
least extremely unlikely, if not incredible). Other HCF
accident scenarios bound the risk and consequences of
this scenario outside the facility.

SPR Facility—SPR IIIM Reactor
(S3M Scenarios)

S3M-1 Fire in the Reactor Building

Source Scenario Description—This scenario is
discussed in Section 15.3.1 of the SPR Facility SAR
(SNL/NM 1995v). The amount of combustible
materials in the reactor building has been purposely
minimized, but three general sources of fires could be
identified: 1) combustion of the reactor fuel itself; 2) a
hazardous experiment, perhaps involving flammable
materials; and 3) typical fire sources not specifically
related to the reactor, such as electrical shorts,
spontaneous combustion, and others. Based on
bounding assumptions, the worst-case effects of a fire
would be a breach of the filter system, a release to the

environment of 15 g of (respirable) uranium, and a
release to the environment of all fission products from
an approximate $0.25 superprompt critical pulse that
would melt approximately 10 percent of the core fuel
(the melt would contain approximately 1.8x1017

fissions).

SWEIS Screen—This scenario was not analyzed for the
SWEIS because its consequences and risk are both
bounded by the following scenario, S3M-2.

S3M-2 Control-Element Misadjustment
Before Pulse-Element Inser tion

Source Scenario Description—This scenario is
discussed in Section 15.4.2 of the SPR Facility SAR
(SNL/NM 1995v). Control-element positions are set
for each operation to produce the desired pulse size.
The adjustment process requires the operators to
calculate the desired control-element positions and
then place the elements in these positions from the
control room. Control element misadjustment before
pulse element insertion could result in a larger than
anticipated superprompt critical pulse. The
estimated upper limit total worth insertion of
approximately $1.40 would result in the nearly
complete destruction of the core and subsequent
release of an abnormal amount of fission products to
the reactor room and to the environment. The result
of a $1.40 insertion event, discussed in Section
15.3.2 of the SPR Facility SAR, would be an
unplanned superprompt critical pulse with a fission
yield of approximately 4.1x1018. The analysis
assumes that all the fission products from the
4.1x1018 fissions would be released to the reactor
building from the reactor fuel. The 100 percent
release from the fuel and then out the building is
very conservative. While the analysis did not include

Unit of Reactivity –
The Dollar ($)

When a reactor is operational, it can be critical
in either of two states: critical with delayed
neutrons or critical with prompt neutrons. The
amount of reactivity in the core when the core
becomes critical with prompt neutrons is defined
as a dollar’s worth of reactivity. When a reactor is
“prompt critical,” very small changes in the
amount of reactivity in the core can create very
large, sudden, and rapid changes in reactor
“power.”
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the contribution from the uranium-235 in the core,
conservative assumptions for the fission products
released from the melt region are sufficient to
encompass any added downwind dose from the
uranium.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it was a high-risk scenario.

SWEIS Scenario Description—The scenario in the SPR
Facility SAR is for the SPR III reactor. The same
scenario was postulated for the SWEIS for the SPR
IIIM reactor.

SWEIS Frequency—Based on the discussion in the
SAR, the frequency of this scenario was estimated to be
extremely unlikely (1x10-4 to 1x10-6 per year).

SWEIS Source Term:

MAR—This scenario assumes that the worst case would
be vaporization of the entire core. The MAR would be
the uranium in the core plus any fission products present
at the time of the accident. The SAR analysis only
included the release of fission products, noting that the
contribution of the uranium in the core to the
consequence calculations would be small. The SWEIS
analysis included the contribution from the uranium in
the core, although this resulted in a small contribution to
the consequences.

The SAR indicates that with worst-case assumptions, this
accident scenario could result in a 4.1x1018 fission pulse
(for the SPR III reactor). Fission product data for this
size pulse were not available. Table 11–1 of the SPR
SAR, however, presents fission product data for a 3x1017

fission pulse after an operating history that is equivalent
to infinite operation at the highest expected operating
power level. Inspection of the data indicates that the
pulse would add little to the fission products that would
build up over the assumed long-term operation. The
inventories of several short-lived isotopes would be
substantially greater, but these would decay quickly and
the incremental inventories would not contribute much
to the resultant dose. Therefore, the difference between
imposing a 4.1x1018 pulse rather than a 3x1017 pulse on
the core with this assumed operating history would be
negligible.

The data from SPR SAR Table 11–1 were used to
develop the fission product MAR for this scenario. To
account for the larger SPR IIIM core, it was assumed the
number of fissions and resultant fission product
inventories would be greater by a direct ratio of core
masses. This is a reasonable estimate because the SPR

IIIM core would have the same composition as the SPR
III core. The total mass of the SPR IIIM core is 295 kg
(Kaczor 1998); the total mass of the SPR III core is
258 kg (SAR). The SPR SAR Table 11–1 data were
scaled up for SPR IIIM by a factor of 295/258=1.1434.

To determine the contribution of the uranium in the
SPR IIIM core, the mass of uranium-235 must be
determined. With a core composition of 90 percent
uranium with an enrichment of 93 percent, the core
would have 246.9 kg of uranium-235.

Release Assumptions—The releases would be based on
appropriate release fractions for a melt scenario. The
release calculation considers all the fission products and
the uranium-235 present in the SPR IIIM core.
Although the release would flow through the SPR
Facility stack, a ground-level release was assumed
because of the low stack height. Table F.2–18
summarizes the source-term release characteristics
(such as release height and buoyancy considerations)
and the values for the source-term factors used in the
determination of the source terms from this
postulated accident scenario.

S3M-3 Failure of a Fissionable Experiment

Scenario Description—This scenario is discussed in
Section 15.4.3 of the SPR Facility SAR
(SNL/NM 1995v). The so-called shock rod
experiments are typical of the historic experiments
involving fissionable material. These experiments
involve the rapid heating of uranium or plutonium
rods to excite the fundamental oscillation modes of
the material. The tests are routinely carried to
experiment failure, generally due to high-stress
cracking at elevated temperature. The purpose of these
experiments is to study basic properties of the material
and its dynamic response. Plutonium experiments are
required to incorporate two levels of containment;
however, to encompass the worst case, the scenario
assumes failure of all containment and the complete
melt of 7,000 g of plutonium.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it is a high-consequence scenario.

SWEIS Scenario Description—This scenario was
postulated for the SWEIS. The difference in reactors
(SPR IIIM versus SPR III) would have no impact on
this scenario because the experiment is independent of
the reactor used.

SWEIS Frequency—Based on the discussion in the
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SAR, the frequency of this scenario was estimated to
be extremely unlikely (1x10-4 to 1x10-6 per year).

SWEIS Source Term:

MAR—This scenario assumes that the worst case
would be a complete melt of all the plutonium. The
MAR would be the plutonium mass plus the fission
products that are present in the plutonium from the
pulse. The SAR indicates the pulse for this scenario
would involve 5x1016 plutonium fissions, but the
fission product data for this number of plutonium
fissions are not available. Fission product data
available for 1x1018 plutonium fissions (Rocky Flats
Risk Assessment Guide, 1985,  Table 4.3–1) were used
for the SWEIS analysis (Rockwell International 1985).
This resulted in conservatively high consequences.

Release Assumptions—The releases would be based on
appropriate release fractions for a melt scenario. The
release calculation would consider all the fission
products and the plutonium-239. Although the release
would flow through the SPR Facility stack, a ground-
level release was assumed because of the low stack
height. Table F.2–18 summarizes the source-term
release characteristics (such as release height and
buoyancy considerations) and the values for the
source-term factors used in the determination of the
source terms from this postulated accident scenario.

SPR Facility—Critical Assembly
(SCA Scenario)

SCA-1 Anticipated Transient
Without Scram Accident

Scenario Description—This scenario is discussed in
Section 13.8 of the Critical Assembly SAR
(SNL/NM 1995c). “Anticipated Transients Without
Scram” accidents are initiated by reactivity anomalies
sufficient to challenge the automatic protection
system and are exacerbated by total failure of this
system. The worst-case consequences are caused by an
unmitigated fast ramp reactivity insertion accident.
The frequency of accident scenarios leading to the fast
ramp rate regime is exceedingly small because of the
number of independent hardware failures and
operator errors required. The consequence analysis
was based on an upper bound estimate of 8.6x1018

fissions.

SWEIS Screen—The Particle Bed Critical Assembly
(PBCA) is currently not present at SNL/NM, and there
are no plans to return it. TA-V management did indicate

that it is possible for the assembly to be returned in the
future and operated at the SPR Facility. This accident
scenario, which is the highest consequence scenario for
the PBCA, yields an upper bound estimate of 8.6x1018

fissions, slightly greater than the yield from the SPR
IIIM reactor in scenario S3M-2. These two scenarios are
estimated to be in the same frequency bin (1x10-4  to
1x10-6  per year), but the PBCA scenario is less likely than
scenario S3M-2. The conservative assumptions in
developing the SCA scenario are discussed in the Critical
Assembly SAR. Considering that the PBCA will be
operated much less frequently than SPR IIIM, if at all,
the risk of scenario S3M-2 was considered greater than
the risk of scenario SCA-1. Scenario S3M-3 represents
the highest consequence scenario for SPR Facility
operations. Scenario SCA-1, therefore, is considered
bounded by scenarios S3M-2 and S3M-3 and was not
analyzed for the SWEIS.

SPR Facility—Storage (SS Scenario)

SS-1 Airplane Crash into North Vault
(NOVA) Storage Vault

Source Scenario Description—This scenario was not
postulated in the SPR Facility SAR (SNL/NM 1995v).
SNL/NM TA-V personnel indicated that this vault is
now used infrequently (Schmidt 1998).

SWEIS Screen—This scenario was analyzed in the
SWEIS because it is a potentially high-consequence
scenario.

SWEIS Scenario Description—The SWEIS analysis
postulated an airplane crash into the vault, causing a
large fire that releases stored radioactive material. An
experiment containing plutonium-239, similar to the
experiment used in scenario S3M-3 and representative of
other plutonium components tested at TA-V, was
assumed to be stored in the NOVA.

The SPR Facility has other vaults within the primary
facility structure that are used more frequently for
storing radioactive material. The structure’s thick
concrete walls offer protection from an airplane crash.
The NOVA vault also offers some protection, but its
walls are not as robust structurally as the main building.
An airplane crash into the NOVA vault would have a
greater impact on the vault’s contents than a crash into
the building structure in the vicinity of one of the other
vaults.

SWEIS Frequency—The frequency of an airplane crash
at the SPR Facility was calculated for the SWEIS to be
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6.3x10-6 per year (Appendix F.4). This will be used for
the scenario frequency, even though the scenario
frequency will be somewhat lower because a plutonium
experiment is not always stored in the vault. Discussions
with TA-V personnel, however, indicated that some
experiments have in the past been kept in storage onsite
for long periods of time (TtNUS 1998k). The scenario
frequency will also be lower because 6.3x10-6 per year
represents a crash anywhere into the SPR Facility. The
frequency of a crash directly into the North Vault will be
less because the vault is a fraction of the overall facility
profile (that is, it is a smaller target than the entire facility).

SWEIS Source Term:

MAR—The MAR for this scenario is 7 kg of
plutonium-239. While more material could be
present at times, the likelihood of an airplane crash
during these short periods of time would be
extremely low. The one plutonium experiment is a
reasonable assumption for the MAR.

Release Assumptions—The releases would be based on
appropriate release fractions for a large fire scenario. A
ground-level release is assumed because the crash would
open the vault to atmosphere. Table F.2–18 summarizes
the source-term release characteristics (such as release
height and buoyancy considerations) and the values for
the source-term factors used in the determination of the
source terms from this postulated accident scenario.

SPR Facility (SP Scenario)

SP-1 Earthquake - Building Collapse

Source Scenario Description—The SPR SAR
(SNL/NM 1995v) dismisses seismic events due to the
assumption that earthquakes up to the UBC-level in
magnitude (0.22 g) are not expected to cause any major
damage to the facility. The SAR indicates the event
would pose no radiological consequences to workers or
the public.

SWEIS Screen—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A UBC-level
earthquake (0.22 g) with a frequency of 7x10-4 per year
could result in collapse of the SPR NOVA. The reactor
building would remain intact. This scenario was analyzed
for the SWEIS because it is a high-risk scenario.

SWEIS Scenario Description—A large earthquake
(0.22 g) occurs at TA-V, causing collapse of the SPR
NOVA. It is assumed that the building collapse causes a
seismically induced fire within the NOVA. Scenario

SS-1, which is a postulated airplane crash into the
NOVA, could be used as a representative bounding
release scenario for the vault fire.

SWEIS Frequency—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A UBC-
level earthquake (0.22 g) with a frequency of 7x10-4

per year could result in collapse of the SPR facility
including the reactor building. However, the vault is
not expected to be damaged or collapse due to this
postulated seismic event.

SWEIS Source Term:

MAR—The MAR for this new postulated accident
scenario is bounded by the source terms from Scenario
SS-1. Since the SPR NOVA must be considered as a
radiological contaminated building, dust and suspension
of building particles would contribute only a minor
source term.

Release Assumptions—The release assumptions were the
same as for Scenario SS-1 (airplane crash into the
NOVA). Table F.2–18 summarizes the source-term
release characteristics (such as release height and
buoyancy considerations) and the values for the source-
term factors used in the determination of the source
terms from this postulated accident scenario.

SPR Facility—SPR IV Reactor
(S4 Scenario)

S4-1 Control Element Misadjustment Before
Pulse-Element Insertion

Scenario Description—This is the same scenario as
S3M-2, except that the accident would occur during
operation of the SPR IV reactor rather than the SPR
IIIM reactor.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it is a high-risk scenario in the SAR.

SWEIS Scenario Description—The scenario
analyzed in the SPR Facility SAR (SNL/NM 1995v)
is for the SPR III reactor. The same scenario is
postulated in the SWEIS for the SPR IV reactor.

SWEIS Frequency—Based on the discussion in the
SPR Facility SAR, the frequency of this scenario was
estimated to be extremely unlikely (1x10-4 to 1x10-6

per year).

SWEIS Source Term:
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MAR—The MAR was based on the same
assumptions as Scenario S3M-2, except that material
quantities and fission products would be scaled up
for the larger SPR IV reactor core. The total core
mass for SPR IV would be 550 kg (Schmidt 1998).
With a core composition of 90 percent uranium
with an enrichment of 93 percent, the core would
have 460.35 kg of uranium-235. SAR fission
product data would be scaled up by a factor of 550/
258=2.1318.

Release Assumptions—The releases were based on
applicable fractions for a melt scenario. Although the
release would flow through the SPR Facility stack, a
ground-level release was assumed because of the low
stack height. Table F.2–18 summarizes the source-term
release characteristics (such as release height and
buoyancy considerations) and the values for the source-
term factors used in the determination of the source
terms from this postulated accident scenario.

ACRR-DP Configuration (AR Scenarios)

AR-1 Uncontrolled Addition of
Reactivity (Insertion of $10.25)

Source Scenario Description—This scenario is
discussed in Section 14.3.1 of the ACRR SAR
(SNL/NM 1996d). A total reactivity worth of $10.25 is
inserted into the core over a time frame of 80
milliseconds. This accident is assumed to occur without
regard to some initiating event or failure of a reactivity
control system or violation of prescribed procedures.
The absolute magnitude of the reactivity change could
be caused by the addition of reactivity from either the
removal of negative reactivity (control rods, transient
rods, or a negative worth experiment) or positive
reactivity (positive worth experiment). In terms of
operational capabilities, the reactivity would represent
the total available in the transient bank coupled to an
unplanned removal of a large negative worth
experiment in the same time frame.

SWEIS Screen—This scenario was analyzed in the
SWEIS because it is the highest consequence event in
the ACRR SAR.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS.

SWEIS Frequency—This scenario would require the
occurrence of several events, some of which would
negate inherent safety features. Based on the discussion
in the ACRR SAR, the frequency of this scenario would

be beyond extremely unlikely, or less than 1x10-6. A
frequency of 1x10-6  was estimated for the SWEIS.

SWEIS Source Term:

MAR—Core fission product and actinide inventories at
the time of the event, including consideration of the
insertion, are provided in Tables 11A–1 and 11A–3 in
the ACRR SAR (and are repeated in Tables 14A–2 and
14A–3). The SAR estimates that 2 percent of the core
material would be available for release as “liquid” fuel.

Release Assumptions—The fission product inventory
from 2 percent of the fuel would be released after
considering appropriate release fractions. This scenario
was assumed to be such an energetic event that the fission
products would be driven up through the pool without
the full decontamination that is assumed for other pool
accidents. No pool decontamination was assumed. The
release was assumed to be an elevated stack release.
Table F.2–18 summarizes the source-term release
characteristics (such as release height and buoyancy
considerations) and the values for the source-term factors
used in the determination of the source terms from this
postulated accident scenario.

AR-2 Waterlogged Fuel Element Ruptures

Source Scenario Description—This scenario is discussed
in Section 14.4.8 of the ACRR SAR (SNL/NM 1996d).
This event would be initiated by failure of a single
waterlogged fuel element during a pulse from low initial
power and subsequent damage to adjacent elements. The
pulse would be assumed to occur when the maximum
fission product inventories have built up in the core.
Adjacent elements would be assumed to be damaged by
the rupture of the waterlogged element. The analysis
assumes failure of a total of four fuel elements, with
ejection of the fuel from all four elements into the pool
water.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it represents a potentially high-risk
scenario. Although the release for this scenario would be
less than the releases for other scenarios, its risk could be
greater because of its higher frequency.

SWEIS Scenario Description—The same scenario was
postulated for the SWEIS.

SWEIS Frequency—Based on the discussion in the
ACRR SAR and the ACRR’s operating history, the
frequency of this scenario was estimated to be 1x10-1 to
1x10-2 per year (that is, once every 10 to 100 years). The
SAR characterizes the potential for waterlogged fuel
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elements as “likely,” but states that the presence of leaking
fuel elements would be identified by an increase in the
radioactivity in the reactor coolant. The cause of the
increased radioactivity would be investigated and
corrected, most likely prior to the heat-up and cool-down
cycles that are needed to fill the fuel element void space
and cause the cladding to burst during a pulse. In
addition, the SAR discusses operating history data for
small research reactors like the ACRR. A few leaking fuel
elements have been observed, but they are rare, and there
have been no incidents of explosive failures. The ACRR
has operated for over 30 years with no leaking fuel
elements.

SWEIS Source Term:

MAR—The fission product inventories would be based on
the conservative, long-term operating history described in
Chapter 11 of the ACRR SAR. The applicable fission
product inventories would be the prepulse numbers in
Tables 11A–1 and 11A–3 (repeated in Tables 14A–2 and
14A–3 of the ACRR SAR). This accident could occur
during steady-state or pulse operations. If it were to occur
during a normal pulse imposed on the inventories from
the assumed operating history, inventories slightly higher
than the prepulse inventories would be present. The data
for an incremental increase due to a normal pulse are not
available, but it is evident from the referenced tables that a
pulse would not increase the fission product inventories of
interest by very much. The conservatism in the assumed
operating history more than compensates for a slight
increase that a pulse would cause, and the prepulse
inventories would be adequate for this analysis. The SAR
estimates the upper bound of fission product inventory
released by this event to be 2.3 percent of total core
inventory. This estimate was used for the SWEIS analysis.

Release Assumptions—The fission products from
2.3 percent of the fuel were assumed to be released into
the pool with consideration for the appropriate release
fraction. The release from the reactor building was
assumed to be an elevated stack release. Table F.2–18
summarizes the source-term release characteristics (that is
release height and buoyancy considerations) and the values
for the source-term factors used in the determination of
the source terms from this postulated accident scenario.

AR-3 Failure of Experiment
Containing ACRR Fuel Pins

Scenario Description—This scenario is discussed in
Section 14.4.10.4 of the ACRR SAR (SNL/NM 1996d).
The experiment would comprise fresh ACRR fuel pins

(uranium dioxide at 20 percent enrichment) with fission
products from the ACRR pulse experiment only. The test
fuel pins would rupture during a pulse that deposits a
total energy of 3 MW-seconds.

SWEIS Screen—This scenario was not analyzed for the
SWEIS because its consequences and risk are bounded by
other scenarios. In addition, future experiments
involving reactor fuel would not be likely, given the new
mission for the ACRR and the limited scope of any
pulse-mode operations.

AR-4 Fire in Reactor Room
with Experiment Present

Source Scenario Description—This scenario is discussed
in Section 14.4.11.1 of the ACRR SAR (SNL/NM 1996d).
This scenario is postulated in the SAR, but it is not
analyzed quantitatively. The SAR stated that fissionable
material in an experiment could be affected by a fire, and
small quantities of uranium oxide and other
contaminants could be released into the local
atmosphere. The SAR states that the consequences would
not exceed those calculated for the limiting event.

SWEIS Screen—This scenario was analyzed for the
SWEIS because it is a potentially high-consequence and
high-risk scenario.

SWEIS Scenario Description—To bound the potential
consequences of this type of scenario, the SWEIS
conservatively assumed a large fire in the reactor room
without specific analysis of combustible loading and
ignition sources. Also, to bound the potential
consequences, an experiment containing plutonium was
assumed to be present in the reactor room.

SWEIS Frequency—The frequency is based on a
Category II frequency bin (unlikely) for a large fire in the
reactor room. The scenario frequency was assumed to be
one lower category to account for the limited amount of
time a plutonium experiment would be present in the
reactor room when the fire occurs. This results in a
Category III frequency bin estimate (extremely unlikely)
for this scenario (1x10-4 to 1x10-6  per year).

SWEIS Source Term:

MAR—The ACRR SAR does not quantify the MAR or
the release from this scenario. Scenario S3M-3 indicates
7 kg of plutonium-239 could be present in an
experiment in the SPR Facility. Assuming that a similar
experiment could be present in the ACRR, the MAR for
this scenario would be 7 kg of plutonium-239.
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Release Assumptions—The release was based on the
release fraction for a plutonium component in a large
fire. The release from the reactor building was assumed
to be an elevated stack release. Table F.2–18 summarizes
the source-term release characteristics (such as release
height and buoyancy considerations) and the values for
the source-term factors used in the determination of the
source terms from this postulated accident scenario.

AR-5 Earthquake - Collapse of Bridge Crane

Source Scenario Description—The ACRR SAR
(SNL/NM 1996d) evaluates the collapse of the bridge
crane; however, such an event was not expected to cause
any major damage to the facility. The SAR indicated that
such an event would pose no radiological consequences
to workers or the public.

SWEIS Screen—As discussed under the SWEIS
frequency paragraph below, recent site-specific data
indicate the frequency of an earthquake large enough to
cause collapse of the bridge crane is approximately 7x10-4

per year. This is higher than the frequency of less than
1x10-6  per year that was previously estimated in Massey,
et al. (SNL 1995e). This scenario was analyzed for the
SWEIS using the recent frequency data. At this
frequency, this scenario is a high-risk scenario.

SWEIS Scenario Description—A large earthquake occurs
at TA-V (0.22 g), causing ACRR building damage that
results in collapse of the bridge crane. The bridge crane
falls into the reactor pool, impacts the reactor
superstructure, and results in the rupture of 10% of the
core or twenty-four fuel elements in the reactor core.
Other than the initiating event, this scenario is the same
as the airplane crash, Scenario AM-1. No additional
releases are postulated because the reactor is located at
the bottom of the pool and protected from other debris
that may result from failure of the building structure.

SWEIS Frequency—Section F.7 discusses earthquake
frequencies and facility responses for TA-V. A UBC-level
earthquake (0.22 g) with a frequency of 7x10-4 per year,
could result in collapse of the ACRR facility. This
scenario will be analyzed for the SWEIS because it is a
high-risk scenario.

SWEIS Source Term:

MAR— The fission product inventories would be based
on the conservative, long-term operating history described
in Chapter 11 of the ACRR SAR. The applicable fission
product inventories would be the prepulse numbers in
Tables 11A–1 and 11A–3 (repeated in Tables 14A–2 and
14A–3). The SAR estimates the upper bound of fission

product inventory released by this event to be 10 percent
of total core inventory. This estimate was used for the
SWEIS analysis.

Release Assumptions—The release assumptions were the
same as for Scenario AR-6. Table F.2–18 summarizes the
source-term release characteristics (such as release height
and buoyancy considerations) and the values for the source-
term factors used in the determination of the source terms
from this postulated accident scenario.

AR-6 Airplane Crash—Collapse
of Bridge Crane

Scenario Description—This scenario is discussed in Section
14.4.11.4 of the ACRR SAR (SNL/NM 1996d). The SAR
discusses the probability of an aircraft crash into the reactor
building, but does not evaluate the potential consequences.

SWEIS Screen—This scenario was analyzed in the SWEIS
because it is a potentially high-risk scenario.

SWEIS Scenario Description—In order to bound the
consequences of an airplane crash, the MIPP EIS
(DOE 1996b) assumed the crash would knock the bridge
crane off its rails onto the reactor superstructure. This would
be the same scenario as AR-5, except for a different initiating
event. The SWEIS analysis postulated an airplane crash
would cause collapse of the bridge crane, which would be
assumed to fall directly on to the reactor superstructure and
damage 24 fuel elements (approximately 10 percent of the
core).

SWEIS Frequency—The airplane crash frequency for
TA-V was updated for the SWEIS. It was calculated to be
6.3x10-6 per year (Section F.4). The SWEIS used this
frequency for the scenario frequency, although it is recognized
that the frequency would be lower because the bridge crane
would seldom be over the reactor. However, this scenario is
assumed to bound the effect an airplane crash into the ACRR
building could have on the reactor core.

SWEIS Source Term:

MAR—The fission product inventories would be based on
the conservative, long-term operating history described in
Chapter 11 of the ACRR SAR. The applicable fission
product inventories would be the prepulse numbers in Tables
11A–1 and 11A–3 (repeated in Tables 14A–2 and 14A–3 of
the ACRR SAR). The SAR estimates the upper bound of
fission product inventory released by this event to be 10
percent of total core inventory. This estimate was used for the
SWEIS analysis.

Release Assumptions—The fission products from
10 percent of the fuel were assumed to be released into the
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pool with consideration for the appropriate release fraction.
The airplane crash was assumed to breach the reactor
building, resulting in a ground-level release. Table F.2–18
summarizes the source-term release characteristics (such as
release height and buoyancy considerations) and the values
for the source-term factors used in the determination of the
source terms from this postulated accident scenario.

F.2.7.4 Consequence Analysis Modeling
Characteristics and Parameters

Table F.2–18 provides a summary of the scenario-specific
modeling characteristics and parameters for the scenarios
described in the previous sections. These characteristics and
parameters were used in the consequence analyses by
incorporation into the MACCS2 input files.

F.2.7.5 Technical Area-V Results

Results from the MACCS2 runs have been used to provide
consequence estimates for TA-V for each of the accident
scenarios. Three sets of results tables are presented for each
alternative containing accident consequences for each
accident scenario. Table F.2–19 provides the consequence
estimates for the MEI and the maximally exposed
noninvolved worker for each scenario. A distance of 100 m
from the release point was used to estimate the dose to
noninvolved workers. Table F.2–20 provides consequence
estimates for the 50-mi population. Table F.2–21 provides
consequence estimates for the core receptor locations.

Of all the credible (having a frequency >10-6 per year)
accidents for TA-V, accident AR-4 yields the largest
MEI, the largest dose to the population within 50 mi.
This accident involves the ACRR and applies in the No
Action and Expanded Operations Alternatives only.
Those doses (0.002 rem and 18 person-rem) are about
the same as those from accident S3M-3 (0.0017 rem and
16 person-rem). The latter applies to all three alternatives.

Those accidents have a probability of 10-4 to 10-6 per
year, and could produce about 0.009 excess latent cancer
fatalities in the surrounding populations, were they to
occur. The MEI for those accidents is located at the Golf
Course and has only 1x10-6 chances of a latent fatal
cancer resulting from the accident.

F.2.8 Manzano Waste
Storage F acilities

The Manzano Waste Storage Facilities are located in the
Manzano Area southeast of TA-I. Four structures, each a one-
story bunker made of concrete and covered with dirt, are

designated as nuclear facilities. These bunkers are authorized
to store nuclear waste in the form of low-level mixed waste
(LLMW), low-level waste (LLW), and transuranic waste.
Storage of surplus special nuclear material is also authorized.
Quantities are controlled to limit the amount of nuclear
material in each bunker to Hazard Category 3 limits (that is,
less than Hazard Category 2 thresholds), as defined by
DOE-STD-1027-92 (DOE 1992c).

A SAR documents the safety basis for these facilities
(SNL/NM 1997q). A hazard analysis identifies the hazards
and develops potential accident scenarios. A major finding of
the hazard analysis is that the accident scenarios that pose the
greatest risk are fire-related, especially transportation vehicle
and forklift-initiated fire events. Based on this finding, the
SAR concludes that the limiting accident scenario is a vehicle
fire occurring while packages are being transported into, out
of, or around the Manzano Area. The frequency of this
accident scenario was estimated to be in the range of 1x10-4 to
1x10-2 per year.

The fire event discussed in the SAR is assumed to be initiated
by a vehicle malfunction or fuel leak. The waste package is
assumed to be fully involved in the fire. The SAR analysis
assumes, for bounding purposes, that the maximum activity
authorized to be stored in one bunker, represented by
plutonium-239, is in the waste package and is involved in the
fire. Typical package shipments contain much lower
quantities and materials other than plutonium.

The radioactive source term from the accident was
determined using the standard source-term equation, which is
given in Eq. F.2–1 of this Appendix. The following parameter
values were used in the SWEIS analysis:

• MAR = 900 grams (55.2 Ci) of plutonium-239

• DR = 1.0

• ARF = 5x10-4

• RF = 1.0

• LPF = 1.0

Tables F.2–22 through F.2–24 present the results of modeling
this accident using the MACCS2 computer code. The
population distribution surrounding the release point is
shown in Table F.2–3, while the distance and direction to core
receptors and the KAFB boundary are given in Tables F.2–4
and F.2–5.

Although the MEI (at the Riding Stables) and the
population doses are less, because of its higher frequency,
this accident poses a greater risk to the public than AR-4
and S3M-3 (Section F.2.7.5).
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Table F.2–19.  Technical Area-V Radiological Accident Frequencies and
Consequences to Maximally Exposed Individual and Noninvolved Worker
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Table F.2–19.  Technical Area-V Radiological Accident Frequencies and
Consequences to MEI and Noninvolved Worker (concluded)

Source: Original
TA: technical area
a Technical Area-V Facility Accident Descriptors:

Annular Core Research Reactor : DP Configuration:  AR-1, AR-2, AR-4, AR-6
Annular Core Research Reactor : Medical Isotopes Production Configur ation: AM-1, AM-3, AM-4, AM-5, AM-6, AM-7
Hot Cell: Medical Isotopes Production Configuration:  HM-1, HM-2, HM-4
Hot Cell: Room 108 Storage:  HS-1, HS-2
Sandia Pulsed Reactor: S3M-2, S3M-3, SS-1, S4-1

b Applicab le Alternative:
All–Scenarios applicable to all three alternatives
N–Scenario applicable to No Action Alternativ e
E–Scenario is applicable to Expanded Operations Alter native
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Table F.2–20.  Technical Area-V Radiological Accident
Frequencies and Consequences to 50-Mile Population
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Table F.2–20.  Technical Area-V Radiological Accident
Frequencies and Consequences to 50-Mile Population (concluded)

Source: Original
a Technical Area-V F acility Accident Descriptors:

Annular Core Research Reactor-DP Configuration: AR-1, AR-2, AR-4, AR-6
Annular Core Research Reactor-Medical Isotopes Production Configuration: AM-1, AM-3, AM-4, AM-5, AM-6, AM-7
Hot Cell Facility: Medical Isotopes Production Configuration: HM-1, HM-2, HM-4
Hot Cell Facility: Room 108 Stor age: HS-1, HS-2
Sandia Pulsed Reactor: S3M-2, S3M-3, SS-1, S4-1

b Applicable Alternative:
All–Scenarios applicable to all three alternatives
N–Scenario applicable to No Action Alternative
E–Scenario applicable to Expanded Operations Alternativ e
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Appendix F, Section 2 – Accidents, Radiological Accidents

Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (continued)
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Table F.2–21.  Technical Area-V Radiological Accident
Frequencies and Consequences to Core Receptor Locations (concluded)

Source:  Original
a Technical Area-V Facility Accident Descriptors:

Annular Core Research Reactor-Def ense Program Configuration: AR-1, AR-2, AR-4, AR-6
Ann ular Core Research Reactor-Medical Isotopes Production Configuration: AM-1, AM-2, AM-3, AM-4, AM-5, AM-6, AM-7
Hot Cell Facility: Medical Isotopes Production: HM-1, HM-2, HM-4
Hot Cell Facility: Room 108 Storage: HS-1, HS-2
Sandia Pulsed Reactor: S3M-2, S3M3, S4-1, SS-1

b Applicable Alternative:
All–Scenario applicable to all three alternativ es
N–Scenario applicable to No Action Alternativ e
E–Scenario applicable to Expanded Operations Alternative
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The consequences of this accident will not differ noticeably
for the three alternatives because the accident release is based
on the authorized quantity and not estimated quantity.
SNL/NM has indicated that the quantity of material stored
for the Reduced Operations Alternative would decrease by
50 percent from the No Action Alternative, and increase by
30 percent for the Expanded Operations Alternative

Table F.2–22.  Manzano Waste Storage Facilities
Radiological Accident Frequencies and Consequences to
the Maximally Exposed Individual and Noninvolved Worker

Source: Original
a Manzano Waste Stor age Facilities Accident Descriptor: MZ-1:
b Applicable Alternative:

All–Scenario is applicable to all three alternatives

Table F.2–23.  Manzano Waste Storage Facilities Accident
Frequencies and Consequences to 50-Mile Population

Source: Original
a Manzano Waste Stor age Facilities Accident Descriptor: MZ-1
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b Applicable Alternativ e:
All–Scenario is applicable to all three alternatives
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(SNL/NM 1998a). The maximum authorized quantities
would not change due to these variations. However, the
frequency of the accident scenario might change due to
more shipments or fewer shipments, but such variation
would not change the range of the estimated frequency.
The consequences of this accident are, therefore,
assumed to be the same for all three alternatives.
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Source: Original
a Manzano Waste Stor age Facilities Accident Descriptor: MZ-1

Table F.2–24.  Manzano Waste Storage Facilities Radiological
Accident Frequencies and Consequences to Core Receptors
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b Applicable Alternativ e:
All–Scenario is applicable to all three alternatives
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F.3 CHEMICAL ACCIDENTS

F.3.1 Introduction

The purpose of this section is to document the
evaluation of the potential hazards from the accidental
release of chemicals present at SNL/NM. The section
discusses the potential impacts from catastrophic releases
of chemicals to the environment, and the potential
impacts from small spills that could impact only a few
involved workers within the area of the spill. There are
more than 1,300 individual chemicals presently being
used at SNL/NM in quantities rang-ing from a few mg to
tanks containing upwards of 10,000 gal. For this
evaluation, it is important to identify not only the “worst”
hazardous or toxic chemical, but also that chemical’s
volatility and affected inventory.

F.3.2 Screening For
Hazardous Chemicals

To assess the impacts of the “worst” hazardous or toxic
chemicals, an existing screening tool was modified to
account for the volume of the chemicals involved. The
screening tool is based on the Vapor Hazard Ratio
(VHR) (Restrepo 1993). The VHR is the equilibrium
vapor pressure (in ppm) divided by the acceptable
concentration (ppm). Because the VHR can range over
several orders of magnitude, the Vapor Hazard Index
(VHI) was developed, which is the logarithm of VHR
and is used to identify and rank chemicals by their
inherent properties. The VHI is calculated by using the
following formula:

(Eq. F.3–1)

Where: VP = vapor pressure in millimeters of mercury
at standard temperature and pressure,
acceptable concentration is in parts per million
(ppm), and mmHg = millimeters of mercury.

The SWEIS uses the Emergency Response Planning
Guideline Level-2 (ERPG-2) as the acceptable
concentration limit (AIHA 1997). The DOE and the
EPA have accepted in the Risk Management Program
Rule (40 Code of Federal Regulations (CFR) §68.112)
that ERPG-2 limits would be the acceptable limits in
emergency planning.

In order to include the effect of volume in the
determination of the “worst” chemical, the screening
methodology developed an additional index called the
Risk Hazard Index (RHI), which is the log of VHR
times the affected inventory. This reduces to the
following equation:

(Eq. F.3–2)

Where: inventory is expressed in pounds.

The chemical with the highest RHI within a facility is
the chemical that will have the worst potential impacts
from an accident, releasing the entire building inventory.
Chemicals with lower RHIs would have lesser impacts.
The RHI is the tool used in this SWEIS to determine the
chemical within a facility with the potential for the worst
accident impacts from that facility. This approach
assumes a total release of a building’s chemical inventory.

Planning Guideline

· The ERPG-1 is the maximum airborne
concentration below which it is believed that
nearly all individuals could be exposed for up
to 1 hour without experiencing other than
mild transient adverse health effects or
perceiving a clearly defined objectionable
odor.

· The ERPG-2 is the maximum airborne
concentration below which it is believed that
nearly all individuals could be exposed for up to
1 hour without experiencing or developing
irreversible or other serious health effects or
symptoms that could impair their abilities to
take protective action.

· The ERPG-3 is the maximum airborne
concentration below which it is believed that
nearly all individuals could be exposed for up to
1 hour without experiencing or developing life
threatening health effects.

American Industrial Hygiene Association
(AIHA 1997)
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If smaller disproportionate releases are assumed, the
ranking could change. Because the number of release
scenarios is very large, the total release scenario was
chosen to represent the maximum potential chemical
impact.

Table F.3–1 illustrates this concept. Chlorine, with a
higher VHI but only a 1-lb release, has an RHI of 5.5
with an ALOHA (NSC 1995) modeled distance of 324 ft
to meet the chlorine ERPG-2 level. Methyl iodide, with
a smaller VHI of 4.0 but with a 50-lb release, has an
RHI of 5.7 and an ALOHA modeled distance of 390 ft
to meet the methyl iodide ERPG-2 level. For a 1-lb
release of methyl iodide, the RHI takes on a value less
than the chlorine RHI of 5.5.

The VHI was calculated for a list of over 160
hazardous/toxic chemicals that could be present at
SNL/NM. The list was composed of chemicals from
three sources: 1) chemicals that had an approved
ERPG-2 level (DOE 1998g), 2) chemicals that the EPA
determined should be considered in an accident
assessment (40 CFR Part 68.130, Table 2), and 3)
chemicals that SNL/NM considered as their most
hazardous or toxic materials (SNL/NM 1998n).

The vapor pressures were obtained from standard
handbooks of chemicals such as the Handbook of
Chemistry and Physics (Weast 1967) and the National
Institute of Occupational Safety and Health (NIOSH)
Pocket Guide to Chemical Hazards  (CDC 1997) (and
from material safety data sheets [UV 1998]). For those
chemicals that are considered to be gases at room
temperature, a value of 760 mm was entered. The
ERPG-2 values were determined according to a strict
hierarchy. The preferred source was the approved
ERPG-2 from the DOE Subcommittee on

Consequence Assessment and Protective Actions
(DOE-SCAPA) (DOE 1998g). The second-ranked
source was a Westinghouse Safety Management
Solutions, Inc., document that compiled ERPG-2 levels
(Craig 1998). The third-ranked source was the level of
concern from the EPA Technical Guide of Hazards
Analysis, Emergency Planning for Extremely Hazardous
Substances (EPA 1987). The fourth-ranked source used
was one-tenth of the “Immediately Dangerous to Life
and Health” (IDLH) guideline, as presented in the
NIOSH document (CDC 1997). The fifth-ranked
source used was the time-weighted average (TWA)
times 5 (CDC 1997). If the referenced document
contained a value, but the units were mg/m3, the
following equation was used to convert to ppm:

(Eq. F.3–3)

Where: M.W. = molecular weight in grams
C = concentration in mg/m3

Table F.3–2 identifies the list of chemicals considered,
sources for including the chemical, vapor pressure,
ERPG-2, and VHI. For some chemicals, the VHI is
listed as <10 mmHg vapor pressure that is the lower
limit for application of the VHI/RHI screening. Any
chemical having a vapor pressure less than 10 mmHg
will not be volatile enough to release any significant
fraction of its inventory into the atmosphere. A “not
calculated” indicates that vapor pressure for that
chemical or ERPG-2 could not be found. Therefore, any
chemical with either notation was not included in the
screening.

Source: Original
ERPG-2: Emergency Response Planning Guideline 2
ft: feet
mmHg: millimeters of mercury

Table F.3–1.  Example Comparisons of RHI Values
from Chlorine and Methyl Iodide Releases
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Table F.3–2.  List of Screening Chemicals and their Pr operties
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Table F.3–2.  List of Screening Chemicals and their Pr operties (continued)
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Table F.3–2.  List of Screening Chemicals and their Pr operties (continued)
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Table F.3–2.  List of Screening Chemicals and their Pr operties (continued)
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Table F.3–2.  List of Screening Chemicals and their Pr operties (continued)
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Table F.3–2.  List of Screening Chemicals and their Pr operties (continued)
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Table F.3–2.  List of Screening Chemicals and their Pr operties ( concluded)

Sources: 40 CFR §68.130, CDC 1997, Craig 1998, DOE 1998g, EPA 1987, SNL/NM 1998a,
Weast 1967, UV 1998
ERPG-2: Emergency Response Planning Guide 2
mmHg: millimeters of mercury

There are three possible separate and distinct sources of
chemical inventories identified by building and location
at SNL/NM. The first, CheMaster (SNL/NM 1996n), is
an electronic database supporting SNL/NM source
documents that contains chemical inventories by
location for four separate buildings (Buildings 828, 858,
893, 897) (SNL/NM 1996n). The second, HAs, which
document the impact of release of hazardous materials
for emergency planning purposes, were available for eight
referenced facilities and identified the “worst” several
chemicals for each facility (SNL/NM 1995i [Building
823], SNL 1994c [Building 878], SNL 1995d [Building
880], SNL 1995f [Building 883], SNL/NM 1994f
[Building 884], SNL 1994d [Building 888]). The third
source of data is the building profiles. Of the over 30
profiles reviewed, only one, Building 905
(SNL/NM 1996x), provided any information that was in
addition to the CheMaster database and HA documents.
Quantities of chemicals from all three sources were then
converted to pounds to be used in the RHI calculation.

The screening chemicals in Table F.3–2 were compared
with the list of chemicals presented in the three sources
of data. If a screening chemical was identified in the data
sources, the amount of the chemical stored was

combined with the VHI to calculate a RHI for that
location. The volume of each chemical was accumulated
to calculate an RHI for the entire building. The
chemicals with the highest RHI values are identified in
Table F.3–3. The inventories of the highlighted chemicals
in Table F.3–3 were used for the dispersion models for
each building.

In only one case, arsine in Building 893, data gained from
a facility walk-through and meeting (TtNUS 1998k)
were used to lower the building inventory from that
shown on the CheMaster system. This was done after
consulting with facility representatives to verify that
inventories would never be expected to exceed 65 lb and
then verifying actual onsite storage.

F.3.3 Atmospheric Dispersion of
Chemicals

The atmospheric concentration analyses uses the ALOHA
computer program (NSC 1995). This program is capable
of modeling release rates from various sources and the
resultant hazardous gas cloud concentrations. The
program does not account for wind shifts, terrain steering
effect, fires, chemical reactions, or radioactive materials.
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Table F.3–3.  List of Chemicals with the Highest Risk Hazard Index by Facility
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Table F.3–3.  List of Chemicals with the Highest Risk Hazard Index by Facility (continued)

���������	���

�����	

	��
��


�����	

�	��	����

�������

���	��
�����	��� �����	���

������� ��� ��!� � ��� ����

�����������
���� ��� 
��	 ���� ��� ����

������
���� ��� ���	 ��� ���� ���

!���"���� ��� �����
�

��� �� ����

������� ��� �����!� ���� ��� ���

���	��
�������� ��� 
����
�

���� ���� ���

�����������
���� ��� 
��!� 
� ��� ���

������
���� ��� ��	 ��� ���� ���


�������
� ��� ���	 ���� �� ��


������� ��� ���!� �� ��� �
�

�������
�������� ��� 
�!� 
 ��� ����

������
�%% ��� 
�
����!�
�

�
�

� ���

�

*����
'���������� ��� ��!� � ��� ���

*����
'��������� ��� 
�!� 
 �� ����

�������� ��� ��!� � �� ����

������������
����
+, ��� 
���	 ���� ��� ����

�����������
����
() ��� ���!� �� ��� ��
�

��������
��������
�%%""�

��� 
����
�

���
� � ���

!���"����
�%% ��� �!�  �� ����

������
#�������
'�����������&

��� 
�����" ��� � ���

����
������� ��� ����
�

��� �� ���



A
ppendix F, S

ection 3 – A
ccidents, C

hem
ical A

ccidents

F-78
D

raft S
N

L/N
M

 S
W

E
IS

 D
O

E
/E

IS
-0281—

A
pril 1999

Source: Original
ft3: cubic feet
g: gram
kg: kilogram
L: liter
lb: pound
mL: milliliter
RHI: Risk Hazard Index
VHI: Vapor Hazard Index
a Reduced based on data obtained during walk-through
b From building profile (SNL/NM 1996x).
Note: The highlighted chemicals were used for the dispersion model f or each building.

Table F.3–3.  List of Chemicals with the Highest Risk Hazard Index by Facility (concluded)
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Each chemical release is assumed to be a worst-case
ground-level dispersion, modeled as a point source, with
a total release time of 10 minutes for the inventory. A
neutral atmospheric stability (stability level “D”) and a
wind speed of 1.5 m/sec are used for all ALOHA
simulations in this document.

The most frequent stability class at SNL/NM
(Albuquerque) is D, occurring 44 percent of the time.
Wind speeds of 3 m/sec and greater usually accompany
D stability. The use of D stability with 1.5 m/sec is
conservative and will yield concentrations two to
three times those that would be expected with the
50-percentile dispersion. The radiological accidents
were evaluated using mean results from representative
sampling of all winds and stabilities (Section F.3.2.1.2),
which would be equivalent to using 50-percentile
dispersion.

Because the dispersion modeling will assume that the
entire release of chemical is entrained in the atmosphere
over 10 minutes, the temperature of the release chemical
is not important. ALOHA was not used to model releases
from tanks.

Because the wind direction during an accident cannot be
predicted, the SWEIS chemical analysis assumes the wind
could be blowing in any direction. Therefore, to graphically
present the entire area that could potentially be affected, the
plume footprint is rotated through an entire 360 degrees.
This resultant circle captures the entire area that could be
affected. In reality, the particular chemical plume from an
accidental release would affect a much smaller area.

Each chemical release assumes loss of building inventory due
to some catastrophic event such as an earthquake or airplane
crash. No attempt is made to model actual process release
rates, which would probably be of greater duration, or lesser
quantity, resulting in a lower concentration. Atmospheric
inversion is not considered. No credit is taken for process
mitigation features, storage practices, or containerization
safety features that may slow or limit the releases.

The effects of potential chemical interactions between
different chemicals was not modeled because the results are
not predictable to a degree of certainty appropriate for the
SWEIS. The dispersion results show only the chemical with
the highest RHI. For those chemicals with lower RHIs, the
diameters of the circles would be much smaller.

Even in a catastrophic event, release of the building inventory
is somewhat improbable due to the robust types of storage
containers and the segregation of processes within the
buildings. For these reasons, ALOHA runs are also made that

reflect the loss of 50 percent of the largest single source
located within a laboratory or room in for each building.

Table F.3–4 provides a summary of the ALOHA chemical
dispersion runs. In the case of Building 893, arsine is run at
the building inventory level of 65 lb, based on data obtained
from a facility walk-through and meeting with facility
representatives.

The affected zones are plotted on Figures F.3–1
through F.3–11. Receptor locations of special
concern are indicated within the affected zones. Only
the release of arsine from Building 893 encompassed
any special receptor locations. The affected receptor
locations for Building 893 are also tabulated in
Table F.3–5.

The release of the building inventory of arsine from
Building 893 would result in a potential affected
zone, at or above the ERPG-2 level, of 4,884 ft in
radius. Distances less than the maximum radius are
above the ERPG-2 level, and concentrations would
be greater nearer to the source. The potential affected
area is represented by a circle because the wind direction
that will occur during an accident is not known.

Therefore, the potentially affected area represents the
entire 360-degree circle (all possible wind directions). A
conservative approach used in the model for this accident
scenario is the assumption that “ground roughness” is
“open country.” In fact, Building 893 has significant
structures around it that would increase dispersion and
thus the concentration estimates are conservative.

The health effects on receptors located in map zones that
fall within the ERPG-2 maximum diameter are uncertain.
Depending on health, age, and other personal factors, the
receptors would sustain irreversible health effects if they
were located outdoors close to the release point and took
no protective actions. Table F.3–6 presents an estimate of

Atmospheric Stability
Categories

Meteorologists have divided the atmospheric
stability into seven categories, ranging from A
(extremely unstable) to D (neutral) to G
(extremely stable). The stability categories can
be determined either by the wind speed and
change of temperature with height or by the
standard deviation of the horizontal wind
direction.
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Table F.3–5.  Affected Core Receptor
Locations Using Chemical Dispersion Modeling

Source: Original
Note: See Figure F.3–9.
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Table F.3–4.  Dispersion Modeling Results for
Chemicals with Highest Risk Hazard Indexes

Source: Original
ERPG: Emergency Response Planning Guidelines
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ppm: parts per million
ALOHA: Areal Location of Hazardous Atmospheres computer code
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Table F.3–6.  Potential Number of People at Risk of Exposure to Chemical
Concentrations Above Emergency Response Planning Guideline-2 Levels

Source: Bleakly 1998c
ERPG: Emergency Response Planning Guideline
Note: 1) See Table F.3–4

2) Dispersion analysis assumes the building inventory is released into the atmosphere within 10 minutes.
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Source: Original
Note: See Tab le F.3–4.

Figure F.3–1.  Accidental Release of Nitrous Oxide from Building 823
An accidental release of nitrous oxide from Building 823 could affect a small

portion of a circular area extending as far as 348 feet from the source (building inventory).
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Source: Original
See Tab le F.3–4.

Figure F.3–2.  Accidental Release of Chlorine from Building 858
An accidental release of chlorine from Building 858 could affect a small portion

of a circular area extending as far as 3,726 feet from the source (building inventory).
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Source: Original
Note: See Table F.3–4.

Figure F.3–3.  Accidental Release of Nitric Acid from Building 869
An accidental release of nitric acid from Building 869 could affect a small portion
of a circular area extending as far as 666 feet from the source (building inventory).
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Source: Original
Note: See Tab le F.3–4.

Figure F.3–4.  Accidental Release of Nitrous Oxide from Building 878
An accidental release of nitrous oxide from Building 878 could affect a small por tion
of a circular area extending as far as 438 feet from the source (building inventory).
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Source: Original
Note: See Table F.3–4.

Figure F.3–5.  Accidental Release of Hydrofluoric Acid from Building 880
An accidental release of hydrofluoric acid from Building 880 could affect a small

portion of a circular area extending as far as 219 feet from the source (building inventory).
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Source: Original
Note: See Table F.3–4.

Figure F.3–6.  Accidental Release of Phosphine from Building 883
An accidental release of phosphine from Building 883 could affect a small portion

of a circular area extending as far as 1,440 feet from the source (building inventory).
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Source: Original
Note: See Tab le F.3–4.

Figure F.3–7.  Accidental Release of Hydrofluoric Acid from Building 884
An accidental release of hydrofluoric acid from Building 884 could affect a small

portion of a circular area extending as far as 504 feet from the source (building inventory).
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Source: Original
Note: See Table F.3–4.

Figure F.3–8.  Accidental Release of Fluorine from Building 888
An accidental release of fluorine from Building 888 could affect a small portion

of a circular area extending as far as 207 feet from the source (building inventory).
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Source: Original
Note: See Tab le F.3–4.

Figure F.3–9.  Accidental Release of Arsine from Building 893
An accidental release of arsine from Building 893 could affect a small portion

of a circular area extending as far as 4,884 feet from the source (building inventory).
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Source: Original
Note: See Table F.3–4.

Figure F.3–10.  Accidental Release of Chlorine from Building 897
An accidental release of chlorine from Building 897 could affect a small portion

of a circular area extending as far as 699 feet from the source (building inventory).
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Source: Original
Note: See Tab le F.3–4.

Figure F.3–11.  Accidental Release of Thionyl Chloride from Building 905
An accidental release of thionyl chloride from Building 905 could affect a small

portion of a circular area extending as far as 2,067 feet from the source (building inventory).
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the number of people that could be located within the
ERPG-2 circle for a release of the building inventory. As
can be seen, the potential number of people within the
ERPG-2 circle can range from zero to over 8,200. Because
the chemical plume would only affect a small portion of
the circular area, not all people in the circular area would
be exposed to a released chemical.

The population within an ERPG-2 circle was determined
by one of two methods (Bleaky 1998c). The first method
involved a circle totally located within TA-I and/or TA-II.
For every building at least partially within the circle, the
population within the building was derived from the
number of telephone numbers within the building having
a 505 area code. The population for the circle was the total
population for all buildings located at least partially within
the circle. A second method was used for those ERPG-2
circles located at least partially outside TA-I and TA-II
but within the KAFB boundary. This method used a
density calculation based on the density of people within
the northern part of the KAFB. It was estimated that
65 percent of the people on KAFB work or reside within
the northern part of KAFB. This assumption resulted
in a population estimate of 17,196 people spread over
144.6 M ft2. The number of people was calculated by
multiplying the area of the ERPG-2 circle by the
population density.

F.4 IMPACTS FROM
POSTULATED
EXPLOSIONS

F.4.1 Introduction

This section documents the consequences of potential
accidental explosions at SNL/NM. There are many
potential sources of accidental explosions; however, this
analysis evaluates the impacts from storage or
transportation of flammable chemicals (Section F.4.2) and
transportation of high explosives (Section F.4.3).

F.4.2 Explosions of Flammable
Chemicals

As a result of the review of available documentation such
as SARs, SAs, and HAs and facility walk-throughs and
meetings, the accident assessment team concluded that
two separate cases of hydrogen tank explosion would
bound the explosions of flammable chemicals. The first
case involves a tanker truck containing about 40,000 ft3 of
hydrogen. This tanker truck could be stored at any of
three locations: behind the Advanced Manufacturing
Processes Laboratory (AMPL), in a remote location in

TA-III, or next to Building 891, or it could be moving
between locations within SNL/NM. Impacts from an
explosion of this tanker truck, while located at the AMPL,
are presented in the hydrogen tanker SAR. The second
case involves approximately 90,000 ft3 of hydrogen located
adjacent to Building 893, the Compound Semiconductor
Research Laboratory (CSRL).

The first case examined is an explosion of the tanker truck
while it is being moved within SNL/NM (either from
TA-III to the AMPL or from offsite to the storage location
within TA-III). According to the U.S. Department of
Transportation (DOT) Hazardous Materials Information
System database, there were six highway accidents resulting
in explosions from compressed hydrogen and one
resulting in a propane explosion during the 25-year period
of 1971 through 1995. It could not be ascertained if these
incidents were of a similar kind to that postulated for
SNL/NM (LANL 1998). Such a low frequency of
incidents, generically described as “explosions,” involving
these materials suggests that such incidents are extremely
unlikely to occur. The data collected are for interstate
shipments only; data for intrastate shipments resulting in
accidents involving hazardous materials is not available
because there are no DOT reporting requirements.

Assuming approximately 4 M mi of highways in the U.S.,
these data could be represented as 1x10-8 propane
explosions per year per mile of highway, and 6x10-8

hydrogen explosions per year per mile of highway.
Assuming this as the approximate rate for an accident and
conservatively assuming 50 mi of network roads within
SNL/NM (includes all TAs), the occurrence of this type of
accident scenario is conservatively estimated to be on the
order of 1x10-6 per year (or in the low end of the extremely
unlikely frequency category).

The second case examined is an explosion postulated to
occur from the inadvertent release of hydrogen stored
outside the CSRL, Building 893. A set of horizontally
mounted cylinders, having a combined volume capacity of
approximately 90,000 ft3 at standard temperature and
pressure, is stored immediately east of the CSRL building
(Kaczor 1998). An explosion at this location is postulated
to occur from an accidental uncontrolled release of
hydrogen caused by human error (such as mishandling
activities) or equipment failure (such as a pipe joint
failure) and the presence of an ignition source (such as a
spark) near the location of release. Due to the number of
failures that would have to occur for an uncontrolled
release of hydrogen and explosion to occur, this accident
scenario is considered to be extremely unlikely (between
1x10-6 and 1x10-4 per year).
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The potential effects of hydrogen explosions are estimated
using the trinitrotoluene (TNT) equivalence model. The
TNT equivalence model relates the amount of flammable
material to an equivalent amount of TNT, based on the
relative heats of combustion, as shown in the following
equation:

(Eq. F.4–1)

Where: W = equivalent mass of TNT (lb),

h = empirical explosion yield (or
efficiency) (dimensionless) (0.03 for
hydrogen [FEMA 1989]),

M = mass of flammable material released
(516 lb for 90,000 ft3)

H
c

= net heat of combustion of flammable
material (6.1x104 British Thermal
Units [BTU]/lb) (LANL 1998),

Hc-TNT = heat of combustion of TNT,
approximately 2,000 BTU/lb,

Therefore, the TNT equivalence of 90,000 ft3 of
hydrogen is

(Eq. F.4–2)

For the postulated transportation hydrogen explosion,
the TNT equivalence for the 40,000 ft3 of hydrogen is
approximately 209 lb (TNT equivalence).

Once the TNT equivalence is calculated, the peak
positive normal reflected pressure (Pr) can be determined
from empirically derived curves such as Figure 4.13 from
A Manual for the Prediction of Blast and Fragment
Loadings on Structures (DOE 1992b). P

r
 is the pressure

that the exterior walls of buildings or structures in the
proximity of the explosion will experience from a blast
wave traveling normally (perpendicular) to the walls.

To use Figure 4.13 from the DOE manual to determine
Pr for SNL/NM, the TNT equivalence is used to
calculate the “scaled ground distance” (ZG in ft/lb1/3 ).

(Eq. F.4–3)

Where: R
G
 ranges from 25 to 500 ft, and W is the

472-lb TNT equivalence for the explosion
outside the CSRL facility or the 209-lb TNT
equivalence for the transportation explosion.

Values for Z
G
 and P

r
 are given in Table F.4–1 for the

postulated flammable gas explosions.

The ears and lungs are the most vulnerable organs in the
human body that are affected by shock explosions
because these organs contain air or other gases. The
damage is done at the gas-tissue interface, where flaking
and tearing can occur. It has been found, however, that
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Table F.4–1.  Peak Reflective Pressures and Physical Effects as a
Function of Distance for the Postulated Flammable Gas Explosions

Source: Original
ft: feet
lb TNT : w eight expressed as equivalent pounds of trinitrotoluene.

Pr: reflected pressure
psi: pounds per square inch
ZG: scaled ground distance
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both the ear and the lung responses are dependent not
only on the pressure but also on impulse and body
orientation. The shorter the pulse width, the higher the
pressure the body can tolerate. Depending on the body
orientation, for a square-pressure wave and a pulse
duration greater than 10 milliseconds, resulting in
50 percent survival, the pressure is about 50 pounds per
square inch (psi). For eardrum rupture, the pressure is
about 10 psi.

Structural damage produced by air blasts depends on the
type of structural material. For partial demolition of
houses (making them uninhabitable), overpressures of
about 1 psi are needed. An overpressure of 2 to 3 psi will
shatter unreinforced concrete or cinder block walls. At
10 psi, total destruction of buildings would be expected
to occur (Glasstone & Doland n.d.).

For the CSRL hydrogen explosion, structural damage to
buildings (that is, damage to cinder block walls) could
occur out to distances of about 370 ft. Fatalities would
be expected to occur within 50 ft, while eardrum
ruptures could occur at distances up to about 126 ft.
Figure F.4–1 shows the area affected at various pressure
levels for the postulated CSRL hydrogen explosion. The
actual number of persons in the vicinity of the accident
depends upon many factors and the actual number of
potential fatalities is uncertain. Factors include the time
of day (start of work day, lunchtime, after hours), the
actual location of the people (amount of shielding

between the hydrogen tank and the person), and the
actual spread of the pressure waves in a very complex
arrangement of buildings, alleys, and walkways.

F.4.3 Explosions Involving
High Explosives

Several scenarios are postulated involving the shipment
of high explosives. The maximum allowable amount of
high explosives that can be transported onsite,
unescorted, is 25 lb. The typical amount of escorted high
explosives transported onsite is 25 kg (55 lb). The
maximum amount of high explosives transported onsite
(atypical) is 4,600 kg (10,120 lb). Table F.4–2 presents
the Z

G
 values and P

r
 values as a function of distance for

the three magnitudes of explosive accidents.

For the maximum explosive transportation accident
(10,120-lb TNT), structural damage to buildings
(damage to cinder block walls [2-3 psi]) could occur at
distances of up to 1,000 ft. Fatalities would be expected
to occur within 175 ft, while eardrum ruptures could
occur at distances up to approximately 350 ft.

As a check of the impact, the direct static overpressures
(ignoring reflective pressure) should be well below the
reflective peak pressures. The correlation to calculate the
direct static overpressure is found in the literature; a
typical correlation is given below. This equation is used
to correlate the distance to a given direct static
overpressure (AICE 1989).
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Table F.4–2.  Scaled Ground Distance Peak Reflective Pressures as a
Function of Distance for the Postulated Explosive Shipment Scenarios

Source: Original
ft: feet
lb TNT: w eight expressed as equivalent pounds of trinitrotoluene

P
r
: peak reflective pressure

psi: pounds per square inch
Z

G
: scaled ground distance
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Source: Original
Note: See Table F.4-1

Figure F.4–1.  Hydrogen Explosion at Building 893
The postulated hydrogen explosion at Building 893 would result in 50% fatalities at 60 ft, eardrum

rupture and building destruction at approximately 126 ft, and structural damage at up to 370 ft.
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(Eq. F.4–4)

Where: X = the distance to a given
overpressure (m),

Op = the peak static overpressure (psi),

MTNT = the TNT-equivalent weight (kg),

Exp = exponent, and

ln = natural log.

Using the TNT-equivalent weight for the CSRL explosion
and an overpressure of 10 psi, the distance to such
overpressure would be about 60 ft. This compares to the
results for the peak reflective pressure of 10 psi at 126 ft.

F.5 AIRPLANE CRASH
FREQUENCY ANALYSIS

F.5.1 Introduction

This section documents the evaluation of potential
airplane crashes into SNL/NM facilities. It discusses the
selection of representative facilities for the airplane crash
analysis, the sources of information on flight activities or
frequencies, distances to the facilities from various
airports around the Albuquerque metropolitan area, and
the results of the analyses. A DOE standard
(DOE-STD-3014) for airplane crash frequency analysis
was issued in 1996 to help standardize the evaluation of
aircraft crashes into facilities (DOE 1996f). Prior to the
availability of the DOE standard, the frequencies of
aircraft crashes into hazardous facilities at SNL/NM were
calculated in various safety documents (for example,
SARs and SAs) by other methodologies. In order to
update the aircraft crash frequencies for SNL/NM
facilities, the standard was used to produce aircraft crash
frequencies for use in the SWEIS.

Representative facilities within SNL/NM were selected
for analysis based on their potential for public
consequences. Table F.5–1 lists the facilities that were
selected for analysis.

As indicated in Table F.5–1, several facilities were
identified to represent TA-I due to the wide variation in
building sizes and locations. The SPR was selected for
analysis because it is representative of the other buildings
in TA-V. The Radioactive and Mixed Waste Management
Facility (RMWMF) was selected because it handles
radioactive waste.

F.5.2 Methodology

Aircraft crash impact frequencies for facilities are
determined using the “four-factor formula” from the
DOE standard (DOE-STD-3014). This formula
considers the number of aircraft operations; the
probability that an aircraft will crash; the probability
that, given a crash, the aircraft will crash into a 1-mi2

area where the facility of interest is located; and the size
of the facility. The formula from DOE-STD-3014 is

(Eq. F.5–1)

Where: F = estimated annual aircraft crash
impact frequency for the facility of
interest (number per year);

N
ijk

= estimated annual number of site-
specific airport operations takeoffs,
landings, in-flights) for each
applicable summation parameter;

P
ijk

= aircraft crash rate for each applicable
summation parameter;

f
ijk

(x,y) = aircraft crash location conditional
probability (per mi2), given a crash
valuated at the facility location for

( )���� ��������	�����
��	����	����
	� ����� ������� +−= Table F.5–1.  Selected
Facilities for Aircraft Crash

Frequency Calculations

Source: Original
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each applicable summation
parameter;

A
i j

= site-specific effective area for the
facility of interest that includes the
skid and fly-in effective areas (mi2) for
each applicable summation parameter;

i  = index for flight phases, (takeoff,
in-flight, and landing);

j = index for aircraft category or
subcategory; and

k = index for flight source (specific
runways).

The results of this analysis and a discussion of how the four-
factor formula was applied to SNL/NM facilities follow.

F.5.3 Site-Specific Input Data

The Albuquerque International Sunport is the airport with
the largest potential to affect SNL/NM facilities. There are
other airports in the general area of SNL/NM. These airports
include the Coronado Airport, Sandia Airpark, Alexander
Airport, Mid-Valley Airport, and Double Eagle Airport. All
of the aircraft operations at these airports are general aviation
or helicopter, and the distances from the SNL/NM facilities
to these airports are all greater than 10 mi. Although
DOE-STD-3014 does not provide screening criteria for
airports, the probability of general aviation aircraft crashes
for airport operations presented in DOE-STD-3014 is
considered insignificant at distances greater than 8 mi.
Aircraft operations at airports other than the Sunport are not
evaluated in this analysis because the distances from the
other area airports to the SNL/NM facilities are greater than
8 mi, and because of the high number of aircraft operations
at the Albuquerque International Sunport. Flights from these
distant airports that could go over SNL/NM are covered in
the section on nonairport impact frequencies (Section F.5.5).

Table F.5–2 shows the number of takeoffs and landings by
runway and aircraft type. In addition to the number of
takeoffs and landings at nearby airports, the distances and
directions from each runway to each facility (Table F.5–3) are
also required as input. Table F.5–3 presents the orthonormal
distances relative to the center of each runway. These
distances are required as part of the look-up of the aircraft
crash location conditional probability (fijk[x,y]) given in
Tables B–2 through B–13 in DOE-STD-3014. Table F.5–4
presents each facility’s length, width, and height, which are
needed in the calculation of the effective building area (Aij).

F.5.4 Potential Aircraft
Crash Frequencies

Table F.5–5 presents the total annual aircraft impact
frequencies for facilities at SNL/NM. These frequencies,
using the data in tables F.5–2 through F.5–4 and the data in
Appendix B of DOE-STD-3014, were calculated using the
four-factor formula discussed above. Tables F.5–6 through
F.5–13 provide a summary of the aircraft crash frequencies for
each facility for each type of aircraft operation. The tables are
further defined by airport-type crashes (due to takeoffs or
landings) and nonairport type crashes (overflights). The last
row of each summary table sums the aircraft crash frequencies
for each type of aircraft to give an overall aircraft impact
frequency for each selected facility at SNL/NM.

F.5.4.1 Impact Frequencies from Airport Operations

The potential impact frequencies for aircraft crashes into
SNL/NM facilities due to airport operations at the
Albuquerque International Sunport were calculated according
to the methodology in DOE-STD-3009 (DOE 1994c).

According to DOE-STD-3014, helicopters must fly over a
facility for the flight to pose a hazard to the facility. Most
helicopter operations will not fly near the SNL/NM
facilities.

Tables B–4 through B–14 of Appendix B of DOE-STD-
3014 list the probability that, given a crash upon takeoff or
landing of a specific type of aircraft, the crash will occur in
the 1 mi2 where the facility of interest is located. For military
aircraft operations, for conservatism, the landing pattern side
of the approach was assumed to be the side of the airport
that resulted in the highest impact probability.

The takeoff and landing crash rates (P
ijk

) for each type of
aircraft are taken from Table B-1 of DOE-STD-3014. This
table lists the probability that a given type of aircraft will
crash upon takeoff or landing.

The calculation of the effective area is based on two
components: the aircraft can crash directly into the facility or
the aircraft can skid into the facility. The effective area of the
facility is, therefore, dependent on the type of aircraft and the
actual dimensions of the facility. Multiple factors affect the
facility’s effective area depending on the type of aircraft. The
wingspan dictates how close the aircraft can come to the
facility and still impact it. The type of aircraft also dictates
the angle of impact into the facility, and the cotangent of this
angle is used in the calculation. The skid distance of the
aircraft is also defined by the type of aircraft and is a function
of the aircraft airspeed. These variables are given in
DOE-STD-3014 (Tables B-17 and B-18) for each type of
aircraft.
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Table F.5–2.  Number of  Takeoffs and
Landings at Albuquerque International Sunport

Sources: Jacox 1998, Kauffman 1994
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Table F.5–3.  Orthonormal  Distances from Albuquerque
International Sunport Runways to Selected Facilities

Sources: USGS 1990, 1991
AMPL: Adv anced Manufacturing Processes Laboratory
ECF: Explosive Components Facility
IMRL: Integ rated Materials Research Labor atory
MDL: Microelectronics Development Laborator y
NGF: Neutron Generator Facility
RMWMF: Radioactive and Mixed Waste Management Facility
SPR: Sandia Pulsed Reactor
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Table F.5–4.  Length,  Width, and Height of Selected Buildings

Source: SNL/NM 1998h

Table F.5–5.  Annual Aircraft Impact
Frequencies for SNL/NM Facilities

Source: Original
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Table F.5–6.  Summary of Aircraft Crash Frequencies for
the Integrated Materials Research Laboratory

Source: Original
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Table F.5–7.  Summary of Aircraft Crash Frequencies for the
Microelectronics Development Laboratory

Source:  Original
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Table F.5–8.  Summary of Aircraft Crash Frequencies for
the Neutron Generator Facility

Source: Original
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Table F.5–9.  Summary of Aircraft Crash Frequencies for
the Advanced Manufacturing Processes Laboratory

Source:  Original
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Table F.5–10.  Summary of Aircraft Crash
Frequencies for the Explosive Components Facility

���������	
�� 
	�	
������	
���

	�	
����	
����	�������

����������

���������	
 
���	�
��	���
��������� ������
��

���������	
 
���	�
��	���
�������	� ������
��

���������	
 
����
��	���
��������� ������
��

���������	
 
����
��	���
�������	� ������
��

���������	
 
� !"�#�$
��������� %�����
��

���������	
 
� !"�#�$
�������	� ������
��

&�''�!(��
)*��$���
)�!
&�!!��!
��������� +�����
��

&�''�!(��
)*��$���
)�!
&�!!��!
�������	� %�����
��

&�''�!(��
)*��$���
)�!
����
��������� ������
��

&�''�!(��
)*��$���
)�!
����
�������	� ������
��

,��$�!-
)*��$���
��!	�
)�!(!��$
��������� ������
��

,��$�!-
)*��$���
��!	�
)�!(!��$
�������	� .�����
��

,��$�!-
)*��$���
�'�
)�!(!��$
��������� ������
��

�������

,��$�!-
)*��$���
�'�
)�!(!��$
�������	� .�.���
��

����	
��
�������
���������
��������
�����
������� ������
��

/���!�
)*��$��� ������
��

&�''�!(��
)*��$���
)�!
&�!!��! ������
��

&�''�!(��
)*��$���
)�!
���� ��.���
��

,��$�!-
)*��$���
��!	�
)�!(!��$ ��+���
��

����������

,��$�!-
)*��$���
�'�
)�!(!��$ ������
��

����	
��
����������
���������
��������
�����
������� ������
��

�����
��������
�����
�������� ������
��

Source: Original



F-107Draft SNL/NM SWEIS DOE/EIS-0281—Apr il 1999

Appendix F, Section 5 – Accidents, Airplane Crash Frequency Analysis

Table F.5–11.  Summary of Aircraft
Crash Frequencies for the Z-Machine
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Table F.5–12.  Summary of Aircraft Crash Frequencies for the
Radioactive and Mixed Waste Management Facility
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Table F.5–13.  Summary of Aircraft Crash Frequencies
for the Sandia Pulsed Reactor
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The aircraft impact frequency per year for airport operations
is determined by multiplying the number of operations, the
conditional crash probability, the crash probability, and the
effective area of the facility as described in the four-factor
formula. The sums of the impact frequencies by aircraft type
are presented in Tables F.5–6 through F.5–13.

F.5.4.2 Impact Frequency for Nonairpor t Operations

Although typically small, the impact frequency contribution
for nonairport operations cannot be overlooked when
following the DOE-STD-3014 methodology. The impact

frequency for nonairport operations is calculated from the
same four-factor formula used for airport operations, except
that the first three terms are combined and given in
DOE-STD-3014 (Tables B-14 and B-15). The standard
provides site-specific values for the probability of an impact
occurring in a 1-mi2 area at the center of the site for each
type of aircraft.

These frequencies are listed in Tables F.5–6 through
F.5–13 and used along with the airport impact
frequencies to determine the overall aircraft impact
frequency per year for the facility of interest.
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F.6 OTHER FACILITY HAZARDS

Potential accidents and their impacts associated with facility
hazards are described in various SNL/NM reports
(SNL/NM 1998a). SNL/NM facilities vary in their
documentation of hazards and potential accidents. This
section summarizes the hazards at SNL/NM facilities in TAs-
I, -III, and -IV and the Coyote Test Field (for which accident
information is provided in these reports) that are not
otherwise addressed in Sections F.2, F.3, and F.4. The results
shown for these facilities are considered representative of the
potential accidents associated with facility hazards at other
facilities in these TAs. The results given are applicable to the
No Action, Expanded Operations, and Reduced Operations
Alternatives.

Accident frequencies have been categorized as shown in
Table F.6–1. The risk matrix in Table F.6–2 shows the severity
of hazards qualitatively, reflecting both the accident frequency
and consequence (for example, an accident with a risk of
III/D is an accident with “significant” consequences and a
frequency of “extremely unlikely”). This method of
categorization of frequencies and hazard severity follows the
format of input information provided in source documents,
but differs from other methods of categorizing that follow
DOE-STD-3009, Preparation Guide for U.S. Department of
Energy Nonreactor Nuclear Facility Safety Analysis Report
(DOE 1994c).

Table F.6–3 lists the hazards at many SNL/NM facilities.
Many of these hazards represent routine workplace risks of
injury and fatality for involved workers.

F.6.1 Technical Area-II

F.6.1.1 Explosive Components Facility

Hazards associated with the ECF are shown in Table F.6–4.
The table identifies the accident risk index for nine hazardous

events or activities at the facility. Risk matrixes for the
worker, onsite individual, and offsite public are shown in
Tables F.6–5, F.6–6, and F.6–7, respectively.

F.6.2 Technical Area-III

F.6.2.1 Radioactive and Mixed Waste
Management Facility

Hazards associated with the RMWMF are shown in Table
F.6–8. The table identifies the accident risk index for 10
hazardous events or activities at the facility. Risk matrixes
for the worker, onsite individual, and offsite public are
shown in Tables F.6–9, F.6–10, and F.6–11, respectively.

F.6.2.2 Sled Track Complex

Hazards associated with the Sled Track Complex are
shown in Table F.6–12. The table identifies the
accident risk index for 11 hazardous events or
activities at the facility. Risk matrixes for the worker,
onsite individual, and offsite public are shown in
Tables F.6–13, F.6–14, and F.6–15, respectively.

Table F.6–2. Risk Matrix

Source: DOE 1994c
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Table F.6–1. Frequency Descriptors

Source: DOE 1994c
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Table F.6–3. Facility Hazards
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Table F.6–3. Facility Hazards (continued)
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Source: SNL/NM 1998a
MeV: million electron volts

Table F.6–3. Facility Hazards (concluded)
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Table F.6–5. Explosive Components Facility Involved Worker Risk Matrix

Source: SNL/NM 1998a
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Table F.6–4. Explosive Components  Facility Accident Risk

Source: SNL/NM 1998a
g: gram
lb: pound
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Table F.6–8. Radioactive and Mixed Waste Management Facility Accident Risk

Source: SNL/NM 1998a
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Table F.6–6. Explosive Components Facility Onsite Individual Risk Matrix

Source: SNL/NM 1998a

Table F.6–7. Explosive Components Facility Offsite Public Risk Matrix

Source: SNL/NM 1998a
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Table F.6–9. Radioactive and Mixed Waste
Management Facility Involved Worker Risk Matrix

Source: SNL/NM 1998a
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Table F.6–10. Radioactive and Mixed Waste
Management Facility Onsite Individual Risk Matrix

Source: SNL/NM 1998a
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Table F.6–11. Radioactive and Mixed Waste
Management Facility Offsite Public Risk Matrix

Source: SNL/NM 1998a
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Table F.6–14. Sled Track Complex Onsite Individual Risk Matrix

Source: SNL/NM 1998a
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Table F.6–12. Sled Track Complex Accident Risk

Source: SNL/NM 1998a

Table F.6–13. Sled Track Complex Involved Worker Risk Matrix
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Source: SNL/NM 1998a

N/A: none applicab le
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Table F.6–15. Sled Track Complex Offsite Public Risk Matrix

Source: SNL/NM 1998a
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Table F.6–16. Z-Machine Accident Risk

Source: SNL/NM 1998a
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F.6.3 Technical Area-IV

F.6.3.1 Z-Machine

Hazards associated with the Z-Machine are shown in
Table F.6–16. There are a number of other accelerators in
TA-IV with potential accident hazards that are equivalent
to the Z-Machine. The table identifies the accident risk
index for 10 hazardous events or activities at the facility.
Risk matrixes for the worker, onsite individual, and
offsite public are shown in Tables F.6–17, F.6–18, and
F.6–19, respectively.

F.6.4 Aerial Cable Facility

F.6.4.1 Existing Hazards

Hazards associated with the Aerial Cable Facility and
presented in the Aerial Cable Facility SAR are shown in
Table F.6–20. The table identifies the accident risk index
for 11 hazardous events or activities at the facility. Risk
matrixes for the worker, onsite individual, and offsite
public are shown in Tables F.6–21, F.6–22, and F.6–23,
respectively.
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Table F.6–19. Z-Machine Offsite Public Risk Matrix

Source: SNL/NM 1998a
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Table F.6–18. Z-Machine Onsite Individual Risk Matrix

Source: SNL/NM 1998a
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Table F.6–17. Z-Machine Involved Worker Risk Matrix

Source: SNL/NM 1998a
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Table F.6–20. Aerial Cable Facility
Accident Risk for Historical Activities

Source: SNL/NM 1998a
N/A:  not applicable
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Table F.6–21. Aerial Cable Facility Involved Worker Risk Matrix

Source: SNL/NM 1998a
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Table F.6–22. Aerial Cable Facility Onsite Individual Risk Matrix

Source: SNL/NM 1998a
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Table F.6–23. Aerial Cable Facility Offsite Public Risk Matrix

Source: SNL/NM 1998a
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F.6.4.2 New Proposed Activity

The accidental detonation of high explosives at the Aerial
Cable Facility not involving nuclear materials has been
estimated to have no impact on the public and
potentially catastrophic consequences for involved
workers (fatalities). The frequency of such an event has
been estimated to beyond extremely unlikely (that is, less
than 10-4  per year). An accident involving the release of
nuclear materials at the Aerial Cable Facility, not
involving explosives, has been estimated to have no
impact on the public and no permanent effect on
workers. These types of events include mechanical
failures, such as a breach of the casing or component
containing the nuclear material, that can cause localized
contamination. Cleaning up the area would mitigate any
effects of ground contamination. There would be
minimal worker exposure to radioactivity and no public
exposure. The frequency of such an event has been
estimated to be in the range of 10-6 to 10-4 per year.
(SNL/NM 1995q).

Test activities proposed at the Aerial Cable Facility could
include test specimens containing both explosives and
nuclear material, which introduces the possibility of
dispersal of the nuclear material by an accidental
detonation of the explosives or a fire involving the
explosives. Typical test specimens contain up to 734 lb of
depleted uranium, 44 lb of enriched uranium, and 83 lb of
insensitive high explosive (IHE) of the type PBX-9502 or
LX-17 (Johns 1998). The specific activities of depleted
uranium and enriched uranium are 3.3x10-7 Ci/g and
2.13x10-6 Ci/g, respectively. These specimens are nuclear
weapon mockups, but they do not contain the materials
and component configurations necessary to produce a
nuclear yield even in the event of an accidental detonation
of the explosives. Dispersal of nuclear material would be
the worst possible consequence of an accident involving
these specimens. Tests of assemblies with any possibility of
producing nuclear yield are prohibited at SNL/NM. Tables
F.6–24 through F.6–26 present the population distribution,
the distance by direction for the core receptors, and the
distance by direction to the KAFB boundary.
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Table F.6–24. Population Distribution Surrounding the Aerial Cable Facility

Source: SNL/NM 1998dd
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Table F.6–25. Distance and Direction
to Core Receptor Locations
from the Aerial Cable Facility

Source: SNL/NM 1998dd
Notes:
1) If more than one direction is indicated, the core receptor location spans more than one

section. The r ange in distance is also provided.
2) Distances are rounded to the nearest 100 m

Table F.6–26. Distance and Direction
from Aerial Cable Facility

to KAFB Boundary

Source: SNL/NM 1998dd
Note: Distances rounded to the nearest 100 m
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Scenario 1: Fire Causing IHE Deflagration

During testing, staging, or local transport, a fire starts
external to the specimen and progresses to and ignites the
IHE. Such a fire at the Aerial Cable Facility is unlikely. The
test area is clear of vegetation and most other combustible
materials. The fuel from vehicles is one possible source of a
fire, however.

Only deflagration of the IHE is postulated for this
scenario, even though the IHE is in a confined
configuration. It is assumed that the heat of the fire does
not detonate the explosives. To bound the radiological
consequences of this scenario, the IHE deflagration is
postulated to completely consume and oxidize the
enriched uranium present in the specimen. The uranium
will not be in an exposed metal configuration and any
oxidation, no less complete oxidation, is unlikely. In
addition, the uranium is assumed to be pure uranium-
235 even though the enriched uranium in the test
specimen will be less than 100 percent uranium-235.
The DU is not considered as a source for radioactive
release because its contribution to the dose consequences
will be insignificant relative to the enriched uranium due
to its low specific activity relative to enriched uranium.
The likelihood of this scenario has been estimated to be
in the frequency range of 10-6 to 10-4 per year.

Scenario 2: IHE Detonation

Similar to Scenario 1, a fire external to the test specimen
starts during testing, staging, or local transport of the
specimen. In this scenario, however, the fire progresses to
the IHE, burns without intervention, and produces
sufficient heat in the necessary spatial locations relative
to the explosives to detonate the confined IHE. As in
Scenario 1, bounding assumptions are postulated. The
enriched uranium is assumed to be in an exposed metal
form, it is assumed to be pure uranium-235, and the
depleted uranium is not included in the analysis because
it will not contribute to the consequences. The
likelihood of this scenario has been estimated to be in the
frequency range of 10-6  to 10-4 per year.

Detonation of the IHE from the impact of drop test
impact has been identified as another possible initiator
for this scenario. Detonation from impact is estimated to
be in the frequency range of 10-5 to 10-4 per year for
PBX-9502 IHE, and 10-7 to 10-5 per year for LX-17 IHE.

The radiological consequences of Scenarios 1 and 2 were
determined based on the above descriptions and
assumption. For Scenario 1, the airborne release fraction
and respirable fraction for thermal release of metallic

uranium were used. These ARF/RF values are 1x10-3

and 1.0, respectively (DOE 1994b) (see Section 4.1,
page  4–3). The buoyant plume model was used,
assuming a 1 MW fire (see Section F.2.2) for an
explanation of the basis for the fire size). For Scenario 2,
the explosion was assumed to disperse the entire
inventory of enriched uranium (such as, ARF/RF =
1.0/1.0). This is consistent with the recommendations in
DOE-HDBK-3010-94 for the quantity of explosives
present (DOE 1994b; see Section 4.1, page 4–3). The
nonbuoyant plume model was used because the
radioactive material is dispersed by the explosive pressure
and not a thermal plume.

The calculated radiological consequences from Scenarios
1 and 2 are provided in Tables F.6–27 through F.6–29. If
accident scenario 1 were to occur, a noninvolved worker
located as a distance of 100 m from the fire would
receive an estimated dose of 3.8x10-4  rem and an
increased probability of a latent cancer fatality of 1.5x10-7.
Involved workers in closer proximity to the accident
could receive injuries resulting from the fire and
exposure to airborne radioactive material that is released.
The MEI would receive an estimated dose of 4.4x10-7

rem and an increased probabili ty of a latent cancer fatality
of 2.2x10-10 . The public out to a distance of 50 miles
would receive an estimated dose of 4.3x10-3 person-rem
and an increased number of latent cancer fatalities of
2.1x10-6.

If accident scenario 2 were to occur, a noninvolved
worker located at a distance of 100 m from the
detonation would receive an estimated dose of 2.6  rem
and an increased probability of a latent cancer fatality of
1.0x10-3. Involved workers in close proximity to the
accident could receive injuries resulting from the
detonation and exposure to airborne radioactive mat-
erial and radioactive debris that is released. The MEI
would receive an estimated dose of 4.0x10-4 rem and an
increased probability of a latent cancer fatality of
2.0x10-7. The public out to a distance of 50 mi would
receive an estimated dose of 3.5 person-rem and an
increased number of latent cancer fatalities of 1.8x10-3.

For all scenarios discussed in this section, cleaning up the
area would mitigate the effects of ground contamination.

Dispersal of Hazardous Chemicals

In addition to the radiological hazards evaluated in the
previous section, hazardous chemicals may also be
present in some test specimens. A fire involving certain
chemicals present in the specimens might generate toxic
fumes. These chemical hazards would not impact the
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Table F.6–28. Aerial Cable Facility Radiological
Consequences to the 50-Mile Population

Source: Original
IHE: insensitive high explosive
a Facility Accident Descriptors:

Aerial Cable Facility:  ACF-1, ACF-2
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Table F.6–27. Aerial Cable Facility Radiological Consequences to
Maximally Exposed Individual and Noninvolved Worker

Source: Original
IHE: insensitive high explosive
a Facility Accident Descriptors:

Aerial Cable Facility:  ACF-1, ACF-2

b Applicable Alternativ e:
All–Scenario applicable to all three alternatives

c  Maximally exposed individual located at site boundar y

����������	�
���
����������

� ����������������

�������
��

�

�������
�������

�����
����

�������
�������
�
������

�

���� �
���������

�

���
����

�������
!�� � �����
�"�#����
$����
��������

���
����

�������
!�� � �����
�"�#����
$����
��������

�����
���

�����	
����
������

��

��
������

�� ��� ������
��

������
���

������
��

������
��

�����
���

�������
������

��

��
������

�� ��� ������
��

������
��

��� ������
��

public because of the quantities involved and the
dispersion that will occur over the distances involved
(Table F.6–24). Involved workers could suffer minor
consequences. It is assumed that involved workers will
evacuate the area if a fire is initiated around a test

specimen containing explosives, thereby mitigating the
impact. An accident scenario involving an explosion
would have less impact than a scenario involving a fire
because the explosion would disperse the chemicals
locally without generating toxic fumes.
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Table F.6–29. Aerial Cable Facility Radiological Consequences to Core Receptor Locations

Source: Original
IHE: insensitive high e xplosive
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a Facility Accident Descriptors:
Aerial Cable Facility: A CF-1, ACF-2

b Applicable Alternative:
All–Scenario is applicable to all three alternativ es
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F.7 SITE-WIDE EARTHQUAKE

This section presents the impacts from a site-wide
earthquake. The section is divided into three subsections. The
first describes the methodology used to determine which
buildings would remain intact after an earthquake of
sufficient energy to destroy buildings throughout SNL/NM.
The second describes the resulting radiological impacts, while
the third describes the resulting chemical impacts.

F.7.1 Building Status Methodology

This subsection discusses the methodology for determining
the structural status of selected buildings following an
earthquake. The earthquake considered in this section is of an
intensity specified in the UBC applicable for the SNL/NM
area (SNL/NM 1995a). This earthquake is approximately
0.17 g acceleration.

All SNL/NM buildings were screened from 1997-1998 for
life safety in response to Executive Order (EO) 12941 (59 FR
62545). This EO requested an inventory of all Federally
owned or leased buildings and an estimate of the cost of
mitigating unacceptable risks for the Federally owned
buildings.

Paragon Structural Engineering, LLP, prepared a study for
SNL/NM (Paragon 1997 & 1998) that complies with
EO 12941. Paragon used the “LANL Seismic Screening
Method” (LANL 1997) to determine the status of each
building at SNL/NM. The Los Alamos National Laboratory
(LANL) method uses two phases to determine the status of
each facility. Phase I consists of a review of construction
drawings and a visual inspection of the building. Phase II,
through the use of capacity/demand ratios, identifies the
buildings having inadequate strength to resist a lateral load.
Phase II is a very conservative assessment; a more rigorous
structural analysis may reveal additional structural capacity or
lower seismic demand. For the SWEIS, if a building was
designed after the benchmark year but failed Phase II, it was
felt that a detailed analysis would show that the building
would remain intact, because a detailed seismic study would
have been performed to document that the building would
meet the UBC. The benchmark year is the edition of the
UBC where ductile detailing requirements were first
incorporated.

Table F.7–1 shows the results of the study in two phases. For
the SWEIS, it was assumed that all buildings or portions of
buildings that were designed in years after the benchmark
year and had passed Phase I would remain intact. If the
buildings were designed prior to the benchmark year and had
passed both Phase I and Phase II studies, the buildings were
assumed to remain intact. Regardless of the year that the

buildings were designed, if they did not pass Phase I, they
were considered to fail. If the buildings were designed prior to
the benchmark year, passed Phase I, and failed Phase II, they
were also considered to fail. This logic is presented in Table
F.7–2. Table F.7–3 presents the building responses for the
purposes of the SWEIS. If a building was considered to
remain intact for the purposes of the study, it means that the
building did not receive enough damage to cause a
catastrophic release from the building. If a building was
considered not to remain intact for the purposes of the study,
it means that the building would receive enough damage to
cause a catastrophic release. This study did not evaluate in
detail the amount of a building’s collapse. The study’s intent
was to evaluate where the building would remain intact
enough to allow occupants to evacuate the building safely.

F.7.2 Frequency of Earthquakes

Based on recently completed probabilistic ground motion
estimates, the U.S. Geological Survey revised the mean
annual frequency versus peak acceleration (USGS 1996).
For SNL/NM stiff soil, an acceleration of 0.17 g has a
frequency of 1.0x10-3 while an acceleration of 0.22 g has a
frequency of 7.0x10-4. For a site-wide earthquake-induced
release of chemicals, an acceleration of 0.17 g with a
frequency of 1.0x10-3 is used. For an earthquake-induced
release of radiological material, a ground acceleration of
0.22 g with a frequency of 7.0x10-4 is used. The Manzano
Waste Storage Facilities, which may contain notable
inventories of radioactive material, do not contribute to the
site-wide earthquake accident. Accidents at these facilities
are evaluated in Section F.2.8. The Manzano Waste Storage
Facilities include four storage bunkers: two are drilled out
of rock and two are reinforced concrete covered with several
feet of soil.  The Paragon study did not evaluate the
underground bunkers, noting that these buildings will not
require seismic upgrades (Paragon 1997 & 1998).  The
SAR for these facilities (SNL/NM 1997q) includes a
detailed structural analysis that concludes that these
bunkers have sufficient structural capacity to withstand a
UBC earthquake of 0.17 g.  The SAR noted that even if
one of these bunkers were to collapse in the event of a larger
earthquake, any material stored inside would be buried in
the soil and rubble and would not be released in any
significant quantity.

F.7.3 Radiological Impact

The radiological impacts of a site-wide earthquake are
shown in Tables F.7–4 through F.7–6. It is assumed that,
in the event of an earthquake, all the TA-V facilities
would fail except for the SPR Kiva. The highest impact
accident on the site would be SP-1 for all alternatives.
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Table F.7–1. Summary of Results of Life Safety Study

Source: Paragon 1997 &1998
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Table F.7–2. Logic Used in
Applying Life Safety Study

Source: Original
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Table F.7–3. Building Status as Applied for SWEIS Site-Wide Earthquake

Source: Original
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Under all alternatives except No Action, the ACRR
would be configured for medical isotopes production.
Under the No Action Alternative and in an emergency,
the ACRR could be configured in a DP configuration.
For the ACRR under the No Action Alternative and in a
DP configuration, the highest impact accident is AR-5.
In a medical isotopes production configuration, the
highest impact accident is AM-2. Under the Reduced
Operations Alternative, the highest impact ACRR
accident is AM-2 because there are no plans for ACRR
operation in a DP configuration. Under the Expanded
Operations Alternative, the existing ACRR would only

be operated in the medical isotopes production
configuration. Any DP requirements for ACRR-type
testing would be performed in a new unspecified facility,
assumed to be designed to survive an earthquake. The
NGF in TA-I and ECF in TA-II could also release
radioactive materials during an earthquake, and are
included in Tables F.7–4 through F.7–6.

Total consequences for the accidents listed are shown in
Tables F.7–4 through F.7–6 for the maximally exposed
individual and 50-mile population. Totals are not shown
for the noninvolved worker because that receptor’s
location is not the same for all accidents.
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Table F.7–4. Site-Wide Earthquake Radiological Consequences
to the Maximally Exposed Individual and Noninvolved Worker
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Table F.7–4. Site-Wide Earthquake Radiological Consequences
to the Maximally Exposed Individual and Noninvolved Worker (concluded)

Source: Original
a Facility Accident Descriptors:

Annular Core Research Reactor-Defense Prog rams: AR-5
Annular Core Research Reactor-Medical Isotopes Production: AM-2
Explosive Component Facility:  ECF-1
Hot Cell Facility: HC-1
Neutron Generator Facility: NG-1
Sandia Pulsed Reactor: SP-1
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b The maximally exposed individual would be located at the Golf Course and the consequences can be added.
c Because the noninvolved wor ker would be 100 meters from the release, he would be located at different places
for each technical area, therefore, the consequences cannot be added across technical areas.
Notes: 1) Under the No Action Alternativ e, the Annular Core Research Reactor can be operated in either the

medical isotopes production or Def ense Programs configur ation. The highest consequence (AR-5) was  used.
 2) Under the Expanded Operations Alter native, the ear thquake for the Ann ular Core Research Reactor-

Defense Programs configuration is not applicab le because the location or facility was not selected. It was
assumed that  the new facility would be designed to withstand the Unifor m Building Code ear thquake.
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Table F.7–5. Site-Wide Earthquake Radiological
Consequence to the 50-Mile Population

Source: Original
a Facility Accident Descriptors:

Neutron Generator Facility: NG-1
Explosive Component Facility:  ECF-1
Annular Core Research Reactor-Medical Isotopes Production: AM-2
Annular Core Research Reactor-Defense Prog rams: AR-5
Hot Cell Facility: HC-1
Sandia Pulsed Reactor: SP-1

Notes: 1) Under the No Action Alternative , the Annular Core Research Reactor can be
operated in either the medical isotopes production or Defense Programs
configuration. The highest consequence (AR-5) was used.

2) Under the Expanded Operations Alternative , the earthquake for the Ann ular Core
Research Reactor-Defense Prog rams configur ation would not be applicable
because the location or facility w as not selected. It was assumed that the ne w
facility would be designed to withstand the Uniform Building Code ear thquake .
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)

��������
��

� ���������	����
�����	�
������
��������

�������
����������

��	�
�����

���
��	��
�
�����������
������������


�������

��	�
�����

���
��	��
�
�����������
������������


�������

$��������%���������
����������������������&�
��������'(��)�*$%����+

����������'�&������'

���� ����������	
�������������	�	�������	�	�� ������
��

������
��

!�����
���

!�����
��

������
��

	���� ����������	
�������������	�	�������	�	�� ������
��

������
��

 �!���
���

������
��

������
���

��� "����#��$��%�
�����������	����
���� ������
��

 �����
��

������
��

������
��

 �����
��

!��� "����#��$��%���	�	���
����� ������
��

������
�	

!�!���
��

��!���
�


������
��

�"�� "����#��$��%���	�	���
����� ������
��

������
��

������
��

������
��

������
��

	2"��.	.��"	
����������	
�����	������� ��$���
��

#�����
��

�� ���
��

%�����
��

,����!����� �-�������.�/������������

���� ����������	
�������������	�	�������	�	�� ������
��

��!���
��

������
��

��!���
��

������
��

	���� ����������	
�������������	�	�������	�	�� ������
��

������
��

������
���

������
��

������
���

��� "����#��$��%�
�����������	����
���� ������
��

������
��

 �����
��

������
��

 �����
��

!��� "����#��$��%���	�	���
����� ������
��

��!���
�


������
��

��!���
�


������
��

�"�� "����#��$��%���	�	���
����� ������
��

������
��

������
��

������
��

������
��

	2"��.	.��"	
����������	
�����	������� �� ���
��

%�����
��

�� ���
��

%�����
��

�������,����	��'�����/��&-� 0-���/�	��'�����/��&-�

���� ����������	
�������������	�	�������	�	�� ������
��

������
��

 �����
��

������
��

������
��

	���� ����������	
�������������	�	�������	�	�� ������
��

������
��

������
���

�� ���
��

������
���

��� "����#��$��%�
�����������	����
���� ������
��

��!���
��

 �����
��

������
��

 �����
��

!��� "����#��$��%���	�	���
����� ������
��

������
�


������
��

������
�


������
��

�"�� "����#��$��%���	�	���
����� ������
��

������
��

������
��

������
��

������
��

	2"��.	.��"	
����������	
�����	������� ������
��

 �!���
��

��"���
��

��&���
��



A
ppendix F, S

ection 7 – A
ccidents, S

ite-W
ide E

arthquake

F-138
D

raft S
N

L/N
M

 S
W

E
IS

 D
O

E
/E

IS
-0281—

A
pril 1999

Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)
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Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(continued)
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Source: Original
a Facility Accident Descriptors:

Neutron Generator Facility: NG-1
Explosive Component Facility: ECF-1
Annular Core Research Reactor-Medical Isotope Production: AM-2
Annular Core Research Reactor-Defense Prog rams: AR-5
Hot Cell Facility: HC-1
Sandia Pulsed Reactor: SP-1

Notes: 1) Under the No Action Alternative, the Annular Core Research Reactor can be operated in either the medical isotopes production or Defense Prog rams configuration. The highest
consequence (AR-2) was used.

2) Under the Expanded Operations Alternativ e, the earthquake for the Annular Core Research Reactor-Defense Programs is not applicab le because the location or facility w as not
selected. It was assumed that the new f acility would be designed to withstand the Uniform Building Code ear thquake.

Table F.7–6. Site-Wide Increased Probability of Latent Cancer Fatalities for Core Receptor Locations
(concluded)
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Table F.7–7. Chemicals Released By Failed Building (in Pounds)

Source: Original
Notes: 1) See Tables F.3–4 and F.7–3

2) Shaded areas identify the “w orst” chemical for that building.
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The 50-mi population dose is 160 person-rem
(Table F.7–5). The MEI for the earthquake is at the Golf
Course and receives a dose of 0.017 rem under the No
Action Alternative (Table F.7–6). This dose is the sum of
contributions from the individual facilities listed and
summed in Table F.7–6.

F.7.4 Chemical Impacts

Based on the Paragon life safety study, the following
buildings or portions of buildings would fail during a
UBC (0.17 g) earthquake, releasing the contents of the
chemicals stored within the building: Buildings 858,
869, 880, 884, 893, and 905 (Paragon 1997 & 1998).
Table F.7–7 presents, by chemical, the building and the
potential amounts released. It should be noted that for
Building 893, the gas bunker storing up to 65 lb of
arsine would remain intact. In a similar fashion, the

clean room in Building 858 would remain intact.
Therefore, not all chemicals shown in Table F.3–3 would
be released during an earthquake. The shaded cells in
Table F.7–7 contain the “worst” chemical for that
building. Figure F.7–1 shows the ERPG-2 circles, based
on the “worst” chemicals for each building. It should be
noted that the entire area encircled represents locations
where approximately 5,300 people could be exposed to
levels of chemicals above ERPG-2 (Bleakly 1998c).

Because there are several chemicals that could be released
from one or more buildings, locations of possible
overlapping plumes need to be examined. The
overlapping areas need to be examined for any that could
be above the ERPG-2 concentrations, but that are not
already included within the total encircled area. There
are only seven chemicals that are released from multiple
buildings. All of these were examined for overlap
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Source: Original

Figure F.7–1.   Areas Above ERPG-2 Levels Resulting from Site-Wide Earthquake
The encircled areas represent locations where approximately 5,300 people

could be exposed to levels of chemicals above ERPG-2.
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(Table F.7–7). Only one chemical, chlorine, had an area
of plume overlap that could create a concentration
greater than the ERPG-2 of 3 ppm. This expanded area
is shown on Figure F.7–1. Figure F.7–2 presents one
plume arrangement for the release of chlorine from
Buildings 858 and 893. The greatest potential for overlap
would occur when the plume from Building 858 is
directly over Building 893. Figure F.7–2 illustrates this
condition.

Enlargement 1 on Figure F.7–2 shows that the area where
the sum of the overlapping concentrations is greater than

3 ppm; Point A is one such point (plume from Building
893 of 0.8 ppm and plume from Building 858 of slightly
over 2.2 ppm). The expanded area where the
concentration is greater than 3 ppm, is determined by
rotating the wind direction until the plumes don’t
overlap enough for the summed concentrations to be
greater than 3 ppm (see enlargement 2 on Figure F.7–2).
The expanded area enlarges the encircled area by up to
200 ft, the affected area is very small when compared to
the encircled area. Therefore, the overlapping plumes
have a negligible impact on the number of people already
in the encircled area.
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Source: NSC 1995

Figure F.7–2.   Overlapping Chlorine Plumes at Buildings 858 and 893.
When the plumes from Buildings 858 and 893 over lap, the ERPG-2 concentration area can be enlarged.
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